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Devwudfw
Furvv0frxqwu| vwxglhv kdyh irxqg d qhjdwlyh uhodwlrqvkls ehwzhhq lqfrph lqhtxdolw| dqg hfr0
qrplf jurzwk1 Wkh pdlq sureohp zlwk wkh furvv0frxqwu| dqdo|vhv lv wkh srru txdolw| ri wkh gdwd
rq lqfrph glvwulexwlrq1 Wklv sdshu whvwv wkh urexvwqhvv ri wkh furvv0frxqwu| uhvxowv wr wkh xvh ri
d pruh dffxudwh furvv0vwdwh gdwd0vhw1 Gdwd iurp wkh XV vwdwhv frqup wkh qhjdwlyh uhodwlrqvkls
ehwzhhq lqfrph lqhtxdolw| dqg jurzwk1 Wkh vdph gdwd0vhw lv xvhg wr uxq vwuxfwxudo hvwlpdwlrqv
dlphg dw whvwlqj vhyhudo srvvleoh fkdqqhov olqnlqj lqhtxdolw| wr jurzwk1 Dowkrxjk wkh uhvxowv duh
qrw dv vwurqj dv lq wkh fdvh ri wkh uhgxfhg irup hvwlpdwlrqv/ wkh sdshu qgv vrph hylghqfh lq
vxssruw ri d vfdo fkdqqho olqnlqj lqhtxdolw| wr jurzwk1
MHO Frghv= G64/ H95/ S49/ R74/ L551
Nh|zrugv= Lqhtxdolw|/ Hqgrjhqrxv Jurzwk/ Srolwlfdo Hfrqrp|1
Lq 4<93 wkh Sklolsslqhv dqg Vrxwk Nruhd kdg derxw wkh vdph vwdqgdug ri olylqj/ dv phdvxuhg
e| wkhlu shu fdslwd JGSv ri derxw '973 XV 4<:81 Wkh wzr frxqwulhv zhuh vlplodu lq pdq| rwkhu
uhvs h fwv111I urp 4<93 wr 4<;;/ JGS s hu f dslwd lq wkh Sklolsslqhv juhz dw de rxw 41; shu f hqw s hu
|h du111Lq Nru h d/ ryhu wkh vdph s hulr g/ s hu f dslwd lqf rph ju hz dw de rxw 915 s huf hqw s hu |h du111
+Oxfdv/ 4<<6,
Li rqh orrnv eh|rqg wkh uvw prphqwv/ krzhyhu/ lqlwldo frqglwlrqv zhuh lq idfw txlwh glhuhqw111wkh
glvwulexwlrq ri lqfrph zdv pruh xqhtxdo lq wkh Sklolsslqhv1 Wkh Sklolsslqhv* Oruhq} fxuyh od|
hyhu|zkhuh ehorz wkdw ri Nruhd1 Wkh Jlql frh!flhqw zdv vhyhqwhhq shufhqwdjh srlqwv kljkhu111Prvw
vwulnlqjo|/ wkh udwlr ri wkh lqfrph vkduh ri wkh wrs 53( wr wkh erwwrp 53(/ ru hyhq wr wkh erwwrp
73(/ zdv derxw wzlfh dv odujh lq wkh Sklolsslqhv1 +Eìqderx/ 4<<9e,
4L q w u r g x f w l r q
Wkh vwxg| ri lqfrph glvwulexwlrq dqg lwv olqnv zlwk hfrqrplf jurzwk lv d jrrg h{dpsoh ri idvklrq
wuhqgv lq hfrqrplfv1 Douhdg| suhvhqw lq Ulfdugr*v zrun/ wklv wrslf zdv dw wkh fhqwhu ri wkh hfrqrplf
ghedwh lq wkh 4<93*v1 Exw/ olnh wkh plqlvnluw/ lqfrph glvwulexwlrq zhqw rxw ri idvklrq lq wkh plg
4<:3*v/ dqg/ iru pruh wkdq d ghfdgh/ lw irxqg yhu| olwwoh vsdfh lq wkh dfdghplf olwhudwxuh1 Wkh 4<<3*v/
krzhyhu/ zlwqhvvhg d uhvxujhqfh ri lqwhuhvw lq wkh vxemhfw1 Wkh pdlq uhdvrq iru wklv uhqhzhg lqwhuhvw
frphv iurp wkh h{shulhqfh ri wkh Hdvw Dvldq frxqwulhv zkhuh +dv looxvwudwhg lq wkh sdvvdjhv txrwhg
WL zrxog olnh wr wkdqn Odxuhqfh Edoo dqg Orxlv Pdfflql/ iru xvhixo frpphqwv dqg frqvwdqw vxssruw> Plfkhooh Eduqhv/
Qdgd Fkrxhlul/ Oxlvd Ihuuhlud/ sduwlflsdqwv wr wkh Krsnlqv pdfur oxqfk/ dqg sduwlflsdqwv wr wkh :wk Vxpphu Vfkrro lq
Hfrqrplf Wkhru| dw wkh Kheuhz Xqlyhuvlw| ri Mhuxvdohp iru khosixo frpphqwv1 Wkh xvxdo fdyhdwv dsso|1 Wkh rslqlrqv
h{suhvvhg lq wklv sdshu duh p| rzq dqg gr qrw qhfhvvdulo| uh hfw wkh ylhzv ri wkh Lqwhu0Dphulfdq Ghyhorsphqw Edqn1
Dgguhvv= Lqwhu0Dphulfdq Ghyhorsphqw Edqn/ R!fh ri wkh Fklhi Hfrqrplvw/ Vwrs Z03769/ 4633 Qhz \run Dyh1 QZ/
Zdvklqjwrq/ GF 538::1 Skrqh= +535, 9560475:1 Id{= +535, 956057;41 H0pdlo= XJRSCLDGE1RUJ1
4deryh, wkh orz ohyho ri lqfrph lqhtxdolw| vhhpv wr kdyh sod|hg dq lpsruwdqw uroh lq h{sodlqlqj
hfrqrplf jurzwk14
Wkh irfxv ri wkh uhfhqw olwhudwxuh rq wklv wrslf lv wr vkrz krz lpshuihfw fdslwdo pdunhwv/ suhvvxuh
iru uhglvwulexwlrq/ dqg vrflr0srolwlfdo lqvwdelolw| fdq eh wkh fdxvh ri d qhjdwlyh olqn ehwzhhq lqfrph
lqhtxdolw| dqg jurzwk1 Ghvslwh wkh juhdw vxffhvv ri wkh wkhruhwlfdo olwhudwxuh rq wklv wrslf/ wkh
surjuhvv ri lwv hpslulfdo vlgh kdv ehhq pxfk vorzhu1 Zkloh wkh wkhruhwlfdo zrun surylghv d odujh
vhulhv ri h{sodqdwlrqv iru wkh srvvleoh olqnv ehwzhhq lqfrph glvwulexwlrq dqg jurzwk/ prvw ri wkh
hpslulfdo zrun frqvlvwv ri uhgxfhg irup hvwlpdwhv ri d vwdqgdug Eduur0vw|oh jurzwk htxdwlrq zlwk
dq lqfrph lqhtxdolw| yduldeoh dgghg wr wkh uljkw kdqg vlgh1 Wr wkh ehvw ri p| nqrzohgjh/ Shurwwl
+4<<9, lv wkh uvw dwwhpsw wr whvw iru wkh vwuxfwxudo uhodwlrqvklsv ghvfulehg e| wkh ydulrxv wkhruhwlfdo
prghov1 Rqh nh| lvvxh zlwk wkh h{lvwlqj hpslulfdo olwhudwxuh frqfhuqv gdwd txdolw|1 Uholdeoh gdwd
rq lqfrph glvwulexwlrq h{lvw rqo| iru d yhu| vpdoo vhw ri frxqwulhv dqg odujh furvv0frxqwu| dqdo|vhv
riwhq pdnh xvh ri orz txdolw| lqfrph glvwulexwlrq gdwd1
Wklv sdshu exlogv dq lqfrph glvwulexwlrq gdwd0vhw iru wkh 7; vwdwhv ri wkh frqwlqhqwdo XV/ dqg
xvhv lw wr h{soruh wkh olqnv ehwzhhq lqhtxdolw| dqg jurzwk1 Wkh sxusrvh ri wkh sdshu lv wzrirog1
Iluvw/ wr xvh pruh dffxudwh glvwulexwlrqdo yduldeohv wr whvw wkh urexvwqhvv ri wkh furvv0frxqwu| vwxglhv
zklfk kdyh irxqg d qhjdwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk1 Vhfrqg/ wr jr eh|rqg wkh
uhgxfhg irup dqdo|vlv ri wkhvh olqnv1 Wkh pdlq dlp ri wkh sdshu lv wr whvw iru wkh suhvhqfh ri wkh
vfdo fkdqqho ghvfulehg e|/ dprqj rwkhuv/ Ehuwrod +4<<6,/ Dohvlqd dqg Urguln +4<<7,/ dqg Shuvvrq
dq Wdehoolql +4<<7,1 Dq dwwhpsw wr whvw iru zkdw Shurwwl +4<<9, fdoov wkh hqgrjhqrxv ihuwlolw| fkdqqho
lv dovr pdgh1
Wklv sdshu qgv vwurqj hylghqfh lq vxssruw ri d qhjdwlyh uhodwlrqvkls ehwzhhq lqfrph lqhtxdolw|
dqg jurzwk1 Erwk wkh gluhfwlrq ri wkh olqn dqg lwv pdjqlwxgh fruurerudwh wkh uhvxowv ri wkh ydu0
lrxv furvv0frxqwu| vwxglhv vxuyh|hg e| Eìqderx +4<<9e,15 L dovr qg wkdw lqhtxdolw| lv srvlwlyho|
fruuhodwhg zlwk wd{ surjuhvvlylw| dqg wkdw wd{ surjuhvvlylw| lv qhjdwlyho| fruuhodwhg zlwk hfrqrplf
jurzwk1 Wkh odwwhu lv d qhz uhvxow1 Lq idfw/ doo suhylrxv hpslulfdo vwxglhv idlohg wr qg dq| vljqli0
lfdqw uhodwlrqvkls ehwzhhq vfdo yduldeohv dqg lqhtxdolw| dqg/ dw wkh vdph wlph/ irxqg d srvlwlyh
fruuhodwlrq ehwzhhq wd{dwlrq dqg jurzwk1 Wkh hpslulfdo dqdo|vlv dovr vxssruwv wkh lghd +vxjjhvwhg
e| Eìqderx/ 4<<9d/ 4<<9e, wkdw wd{dwlrq lv srvlwlyho| fruuhodwhg zlwk srolwlfdo sduwlflsdwlrq1
Wkh odvw sduw ri wkh sdshu qgv wkdw lqhtxdolw| lv srvlwlyho| fruuhodwhg zlwk whhq suhjqdqf|
zklfk/ lq wxuq/ ghfuhdvhv froohjh hquroophqw1 Jlyhq wkh zhoo0hvwdeolvkhg qhjdwlyh uhodwlrqvkls ehwzhhq
hgxfdwlrq dqg jurzwk/ wklv fdq eh vhhq dv d uhvxow vxssruwlqj wkh hqgrjhqrxv ihuwlolw| fkdqqho1
Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 eulh | glvfxvvhv wkh uhodwhg olwhudwxuh> Vhfwlrq 6
looxvwudwhv wkh frvwv dqg ehqhwv ri xvlqj uhjlrqdo gdwd/ glvfxvvhv wkh phwkrgv xvhg lq ghulylqj
wkh lqfrph glvwulexwlrq gdwd0vhw/ dqg frpsduhv wkh furvv0vwdwh yduldelolw| zlwk wkh furvv0frxqwu|
yduldelolw|> Vhfwlrq 7 eulh | ghvfulehv wkh hyroxwlrq ri wkh lqfrph glvwulexwlrq lq wkh XV dqg suhvhqwv
vrph hylghqfh iru furvv0vwdwh frqyhujhqfh lq lqfrph glvwulexwlrq> Vhfwlrq 8 suhvhqwv wkh uhvxowv ri
wkh uhgxfhg irup hvwlpdwhv ri dq htxdwlrq wkdw olqnv lqfrph glvwulexwlrq wr hfrqrplf jurzwk dqg
whvwv wkh urexvwqhvv ri wkhvh hvwlpdwhv wr ydulrxv vshflfdwlrqv ri wkh jurzwk uhjuhvvlrq> Vhfwlrq 9
whvwv iru wkh phfkdqlvpv olqnlqj lqhtxdolw| wr jurzwk> Vhfwlrq : frqfoxghv1
5 Olwhudwxuh Vxuyh|
Xqwlo uhfhqwo|/ Ndogru*v +4<89, wzr0vhfwruv prgho zdv wkh fodvvlfdo uhihuhqfh lq wkh glvfxvvlrq ri wkh
olqnv ehwzhhq lqfrph glvwulexwlrq dqg jurzwk1 Lq wklv prgho/ lqhtxdolw| lq wkh ixqfwlrqdo glvwulexwlrq
ri lqfrph lv srvlwlyho| dvvrfldwhg zlwk jurzwk1 Lq wkh odvw ihz |hduv/ zlwk wkh lqwurgxfwlrq ri
fuhglw udwlrqlqj dqg srolwlfdo hfrqrplf prghov/ lqfrph glvwulexwlrq kdv ehfdph djdlq fhqwudo lq
wkh dqdo|vlv ri hfrqrplf jurzwk1 Wklv qhz hpskdvlv rq lqfrph glvwulexwlrq kdv pryhg iurp wkh
ixqfwlrqdo glvwulexwlrq ri lqfrph wr wkh shuvrqdo glvwulexwlrq ri lqfrph1 Wklv vhfwlrq vxuyh|v erwk
wkh wkhruhwlfdo dqg hpslulfdo olwhudwxuh rq wklv wrslf
4Wklv lv zhoo grfxphqwhg lq wkh Hdvw Dvldq Pludfoh/ Zruog Edqn +4<<6,1
5Wklv zdv wkh vwdwxv txr dw wkh wlph wklv sdshu zdv ￿uvw flufxodwhg1 Vlqfh wkhq dw ohdvw wkuhh sdshuv +Sduwulgjh/
4<<:/ Iruehv/ 4<<: dqg Ol dqg ]rx/ 4<<:, txhvwlrqhg/ e| xvlqj qhz gdwd0vhwv dqg whfkqltxhv/ wkh suhvhqfh ri vxfk d
qhjdwlyh uhodwlrqvkls1
5D1 Wkhruhwlfdo olwhudwxuh
Wr vxuyh| wkh prvw uhfhqw olwhudwxuh rq lqfrph glvwulexwlrq dqg jurzwk L zloo xvh wkh fodvvlfdwlrq
dgrswhg e| Shurwwl +4<<9,1 Dffruglqj wr wklv fodvvlfdwlrq/ wkh olwhudwxuh fdq eh glylghg lqwr irxu
jurxsv= +l, Hqgrjhqrxv vfdo srolf|> +ll, Vrflr0srolwlfdo lqvwdelolw|> +lll, Lpshuihfw fdslwdo pdunhwv
dqg lqyhvwphqw lq hgxfdwlrq> dqg +ly, Hqgrjhqrxv ihuwlolw|1
Hqgrjhqrxv Ilvfdo Srolf|1 Wkh sdshuv wkdw wu| wr mrlq wkh wkhru| ri hqgrjhqrxv jurzwk zlwk
hqgrjhqrxv vfdo srolf| prghov fdq eh ixuwkhu glylghg lqwr wzr jurxsv1 Wkrvh ehorqjlqj wr wkh uvw
jurxs +Dohvlqd dqg Urguln/ 4<<7/ Ehuwrod/ 4<<6/ Nuxvvhoo/ Txdgulql/ dqg Ulrv0Uxoo/ 4<<:/ Shurwwl/
4<<6/ dqg Shuvvrq dqg Wdehoolql/ 4<<5/ 4<<7, duh lqvsluhg e| wkh vhplqdo zrun ri Phow}hu dqg
Ulfkdug +4<;4,1 Phow}hu dqg Ulfkdug vwxg| dq hfrqrp| frpsrvhg e| khwhurjhqhrxv lqglylgxdov
zkr kdyh glhuhqw surgxfwlylwlhv dqg ohyhov ri lqfrph1 Wkh jryhuqphqw ohylhv d sursruwlrqdo wd{
dqg uhglvwulexwhv wkh wd{ uhyhqxh wr hyhu|erg| lq htxdo dprxqwv1 Wd{dwlrq lv ghflghg e| wkh phgldq
yrwhu dqg/ vlqfh wkh lqfrph glvwulexwlrq lv dvvxphg wr eh vnhzhg wr wkh uljkw +l1h1/ wkh phgldq yrwhu*v
lqfrph lv orzhu wkdq wkh dyhudjh lqfrph,/ kljk lqhtxdolw| fdxvhv kljk wd{ udwhv1 Vlqfh wd{dwlrq dqg
uhglvwulexwlrq duh dvvxphg wr eh glvwruwlrqdu|/ iru lqyhvwphqw/ wkhvh dxwkruv suhglfw d qhjdwlyh
uhodwlrqvkls ehwzhhq jurzwk dqg lqhtxdolw|1
Wkh vhfrqg jurxs ri prghov +Dfhprjox dqg Urelqvrq/ 4<<9/ Eìqderx/ 4<<9d/ 4<<9e/ Erxu0
jxljqrq dqg Yhuglhu/ 4<<9, ruljlqdwh iurp wkh hpslulfdo idloxuh ri wkh uvw jurxs ri prghov1 Wkhvh
dxwkruv frqvlghu d pruh frpsoh{ lqwhudfwlrq ehwzhhq lqfrph glvwulexwlrq dqg jurzwk1 Prvw ri wkhvh
prghov exlog rq wkh hylghqfh +grfxphqwhg e| Shurwwl/ 4<<9, ri d srvlwlyh fruuhodwlrq ehwzhhq vfdo
srolf| yduldeohv dqg jurzwk dqg vkrz wkdw/ xqghu fhuwdlq frqglwlrqv/ ohvv htxdo vrflhwlhv surgxfh d
orzhu ohyho ri/ jurzwk0hqkdqflqj/ uhglvwulexwlrq1 Wkhlu uhgxfhg irup lv wkhuhiruh lghqwlfdo wr wkh rqh
ri Shuvvrq dqg Wdehoolql +4<<7, dqg Dohvlqd dqg Urguln +4<<7, +l1h1/ d qhjdwlyh fruuhodwlrq ehwzhhq
jurzwk dqg lqhtxdolw|, exw wkh vwuxfwxuh lv wkh rssrvlwh1
Fkdqj +4<<;, xvhv d edujdlqlqj prgho lq zklfk wzr srolwlfdo sduwlhv qhjrwldwh wkh ohyho dqg
doorfdwlrq ri wd{hv1 Wkh srolwlfdo sduwlhv uhsuhvhqw vrfldo fodvvhv zklfk kdyh glhuhqw suhihuhqfhv
derxw jurzwk dqg uhglvwulexwlrq1 Fkdqj vkrzv wkdw klv prgho lv frqvlvwhqw zlwk wkh furvv0frxqwu|
hylghqfh ri d qhjdwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk1 Klv dssurdfk glhuv iurp wkh
rqhv glvfxvvhg deryh lq wkh idfw wkdw wkhuh lv qr fohdu fdxvdo uhodwlrqvkls ehwzhhq lqhtxdolw| dqg
jurzwk1 ehfdxvh erwk yduldeohv duh hqgrjhqrxvo| ghwhuplqhg e| wkh rxwfrph ri wd{ edujdlqlqj1 Lq
wklv vhwwlqj oxps0vxp uhglvwulexwlrq grhv qrw qhfhvvdulo| lqfuhdvh jurzwk1
Vrflr0srolwlfdo lqvwdelolw|1 Dffruglqj wr wklv dssurdfk +Ehqkdele dqg Uxvwlfklql/ 4<<9/ Jurvvpdq
dqg Nlp/ 4<<9/ Eìqderx/ 4<<9e,/ lqhtxdolw| lv srvlwlyho| fruuhodwhg zlwk vrflr0srolwlfdo lqvwdelolw|
+ylrohqw surwhvwv/ dvvdvvlqdwlrqv/ frxsv/ hwf1, ehfdxvh wkh yhu| srru pd| eh whpswhg wr hqjdjh lq
suhgdwru| dfwlylw| dw wkh h{shqvh ri wkh ulfk ru wkh plggoh fodvv1 Dw wkh vdph wlph/ d kljk ohyho
ri srolwlfdo lqvwdelolw| srvhv wkuhdwv wr surshuw| uljkwv dqg/ e| lqfuhdvlqj xqfhuwdlqw|/ glvfrxudjhv
lqyhvwphqw dqg uhgxfhv jurzwk1
Lpshuihfw fdslwdo pdunhwv dqg lqyhvwphqw1 Edqhulmhh dqg Qhzpdq +4<<4,/ Djklrq dqg Erowrq +4<<5,/
dqg Jdoru dqg ]hlud +4<<6, vwxg| wkh lqwhudfwlrq dprqj lqfrph lqhtxdolw|/ lpshuihfw fdslwdo pdunhwv/
dqg lqyhvwphqw ghflvlrqv1 Wkhvh sdshuv xvh ulvn dyhuvh lqglylgxdov dqg prudo kd}dug dv vrxufhv ri
fdslwdo pdunhw lpshuihfwlrq1 Wkh| qg wkdw lqhtxdolw| uhgxfhv wkh vkduh ri djhqwv deoh wr lqyhvw
lq sk|vlfdo ru kxpdq fdslwdo dqg wkhuhiruh lv qhjdwlyho| fruuhodwhg zlwk jurzwk1 Jdoru dqg ]hlud
+4<<6, vkrz wkdw/ li wkhuh duh {hg frvwv lq hgxfdwlrq/ srru krxvhkrogv zloo eh fdxjkw lq d sryhuw|
wuds dqg lqhtxdolw| zloo shuvlvw jhqhudwlrq diwhu jhqhudwlrq1
Hqgrjhqrxv ihuwlolw|1 Xvlqj d uhsuhvhqwdwlyh djhqw iudphzrun/ Eduur dqg Ehfnhu +4<;;, dqg Ehfnhu/
Pxusk|/ dqg Wdpxud +4<<4, vkrz krz krxvhkrogv idfh d wudgh0r ehwzhhq wkh txdolw| dqg txdqwlw|
ri wkhlu rvsulqjv1 Lq wklv vhwwlqj/ zhdowklhu krxvhkrogv zloo kdyh orzhu ihuwlolw| udwhv dqg d kljkhu
lqyhvwphqw lq hgxfdwlrq wkdq srruhu krxvhkrogv1 Gdkdq dqg Wvlggrq +4<<;, surylgh wkh uvw dw0
whpsw wr vwxg| wkh lqwhudfwlrqv dprqj ihuwlolw|/ hgxfdwlrq/ dqg lqfrph glvwulexwlrq1 Lq wkhlu sdshu
wkh fdxvdolw| jrhv iurp ghyhorsphqw wr lqfrph lqhtxdolw|1 Lw lv vkrzq wkdw lq wkh hduo| skdvhv
ri ghyhorsphqw ihuwlolw| dqg lqhtxdolw| lqfuhdvh wrjhwkhu1 Lq pruh dgydqfhg frxqwulhv +ru dw odwhu
vwdjhv ri ghyhorsphqw,/ ihuwlolw| ghfuhdvhv/ lqyhvwphqw lq kxpdq fdslwdo lqfuhdvhv/ dqg lqhtxdolw|
ghfolqhv1 Shurwwl +4<<9, dujxhv wkdw wkhvh prghov fdq eh xvhg wr jhqhudwh wkh suhglfwlrq wkdw d
6ghfuhdvh lq lqhtxdolw| zrxog fdxvh d ghfuhdvh lq ihuwlolw| dqg wkhuhiruh dq lqfuhdvh lq lqyhvwphqw lq
kxpdq fdslwdo dqg jurzwk1
E1 Hpslulfdo vwxglhv
Ghvslwh wkh ydvw dqg frqwlqxrxvo| jurzlqj wkhruhwlfdo olwhudwxuh rq lqfrph glvwulexwlrq dqg jurzwk/
hpslulfdo uhvhdufk rq wklv wrslf kdv pryhg dw d pxfk vorzhu sdfh1 Gdwd dydlodelolw| dqg wkh gl!fxow|
ri qglqj phdvxuhv ri uhglvwulexwlrq wkdw duh frpsdudeoh dfurvv frxqwulhv duh wkh pdlq revwdfohv wr
wkh ghyhorsphqw ri dq hpslulfdo olwhudwxuh rq wklv wrslf1
Shuvvrq dqg Wdehoolql +4<<7, dqg Dohvlqd dqg Urguln +4<<7, whvw wkh uhgxfhg irup htxdwlrqv ri
wkhlu prghov dqg qg d qhjdwlyh uhodwlrqvkls ehwzhhq lqfrph lqhtxdolw| dqg jurzwk1 Shuvvrq dqg
Wdehoolql dovr vkrz wkdw wklv uhodwlrqvkls lv vwurqjhu lq ghprfudflhv wkdq lq glfwdwruvklsv dqg fodlp
wkdw wklv surylghv lqgluhfw hylghqfh iru wkh vfdo srolf| dssurdfk1
Lq klv 4<<9 vxuyh|/ Eìqderx +4<<9e, frqfoxghv wkdw doo wkh uhjuhvvlrqv gholyhuhv wkh frqvlvwhqw
phvvdjh wkdw lqhtxdolw| lv kdupixo iru jurzwk1 D uvw fkdoohqjh wr wklv ylhz frphv iurp Ghlqlqjhu
dqg Vtxluh +4<<9, zkr/ xvlqj d kljk txdolw| gdwd0vhw/ idlo wr qg d vwdwlvwlfdoo| vljqlfdqw qhjdwlyh
uhodwlrqvkls ehwzhhq lqfrph lqhtxdolw| dqg jurzwk16 Lw lv qrw fohdu li wklv uhvxow lv ghwhuplqhg e|
wkh txdolw| ri wkh gdwd ru e| wkh idfw wkdw wkh gdwd0vhw xvhg fryhuv d vpdoo vdpsoh ri frxqwulhv1
Odwhu zrun e| Iruehv +4<<:, vhhpv wr lqglfdwh wkdw/ li rqh frqwurov iru frxqwu| vshflf idfwruv/ lw lv
srvvleoh wr qg d srvlwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg phglxp whup jurzwk1 Vlplodu uhvxowv
duh irxqg e| Ol dqg ]rx +4<<:, zkr vkrz wkdw/ zkhq 80|hduv jurzwk hslvrghv duh frqvlghuhg/ wkh
uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk ehfrphv srvlwlyh1
Sduwulgjh +4<<:, dgguhvvhv wkh gdwd txdolw| lvvxh e| xvlqj kljk0txdolw| gdwd iru wkh Dphulfdq
vwdwhv17 Xvlqj 430|hdu jurzwk hslvrghv/ kh qgv d srvlwlyh fruuhodwlrq ehwzhhq wkh lqfrph vkduh ri
wkh plggoh fodvv dqg hfrqrplf jurzwk/ exw kh dovr qgv d srvlwlyh fruuhodwlrq ehwzhhq lqhtxdolw|
+phdvxuhg e| wkh Jlql lqgh{, dqg jurzwk1 Rqh ri wkh pdlq phvvdjhv ri Sduwulgjh*v +4<<:, zrun lv
wkdw glhuhqw phdvxuhv ri lqhtxdolw| fdq frqyh| yhu| glhuhqw phvvdjhv18
Rqh fulwltxh wkdw fdq eh pryhg wr Sduwulgjh +4<<:,/ Iruehv +4<<:,/ dqg Ol dqg ]rx +4<<:, lv wkdw/
zkloh prvw wkhruhwlfdo prghov hpskdvl}h wkh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg orqj0uxq jurzwk/
wkhvh odwwhu vwxglhv dqdo|}h wkh olqn ehwzhhq lqhtxdolw| dqg phglxp ru vkruw0whup jurzwk1
Yhu| ihz vwxglhv jr eh|rqg wkh uhgxfhg irup dqdo|vhv ghvfulehg deryh1 Dohvlqd dqg Shurwwl +4<<9,
dqg Dohvlqd hw do1 +4<<9, suhvhqw hpslulfdo hylghqfh iru wkh lqhtxdolw|/ vrflr0srolwlfdo lqvwdelolw|/ dqg
jurzwk frqqhfwlrq1 Sduwulgjh +4<<:, vkrzv wkdw lq wkh X1 V1 wkhuh lv d qhjdwlyh fruuhodwlrq ehwzhhq
lqfrph vkduh ri wkh plggoh fodvv dqg hpsor|phqw lq wkh sxeolf vhfwru dqg wkdw lqhtxdolw| lv srvlwlyho|
fruuhodwhg zlwk kljkhu ohyhov ri zhoiduh sd|phqwv1
Shurwwl +4<<9, lv d vhulrxv dwwhpsw wr hvwlpdwh wkh vwuxfwxudo htxdwlrqv ri wkh wkhruhwlfdo prghov
ghvfulehg deryh1 Shurwwl*v pdlq uhvxowv fdq eh vxppdul}hg dv iroorzv1 Iluvw/ wkhuh lv d urexvw
qhjdwlyh uhodwlrqvkls ehwzhhq lqfrph glvwulexwlrq dqg jurzwk1 Vhfrqg/ lw lv qrw srvvleoh wr vhsdudwh
d ghprfudf| hhfw iurp dq lqfrph hhfw> wkhuhiruh/ lw lv qrw srvvleoh wr fodlp wkdw wkh uhodwlrqvkls
ehwzhhq lqhtxdolw| dqg jurzwk lv vwurqjhu lq ghprfudflhv1 Ilqdoo|/ wkh vwuxfwxudo hvwlpdwlrqv vxssruw
wkh vrflr0srolwlfdo lqvwdelolw| dssurdfk dqg wkh fkdqqho wkdw jrhv wkurxjk hgxfdwlrq dqg ihuwlolw|
ghflvlrq1 Qr vxssruw lv irxqg iru wkh vfdo srolf| dssurdfk1 Lq idfw/ Shurwwl qgv qr fruuhodwlrq
ehwzhhq lqhtxdolw| dqg uhglvwulexwlrq dqg qgv d srvlwlyh fruuhodwlrq ehwzhhq uhglvwulexwlrq dqg
jurzwk1 Wklv odwwhu uhvxow frqwudglfwv Hdvwhuo| dqg Uhehor*v +4<<6, suhylrxv qglqj ri d qhjdwlyh
uhodwlrqvkls ehwzhhq wkhvh wzr yduldeohv1 Wkh pdlq sureohpv zlwk Shurwwl*v whvwv uhodwh wr gdwd
txdolw| dqg wr wkh lghqwlfdwlrq ri dssursuldwh phdvxuhv ri uhglvwulexwlrq1 Wkhvh sureohpv zloo eh
glvfxvvhg lq juhdwhu ghwdlo lq wkh qh{w vhfwlrq1
6Wkh| gr ￿qg d qhjdwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| lq odqg glvwulexwlrq dqg jurzwk1
7Klv dssurdfk gl￿huv iurp wkh rqh ri wklv sdshu ehfdxvh/ zkloh L dgguhvv orj0uxq jurzwk hslvrghv/ klv vkruw sdqho
irufhv klp wr frqfhqwudwh rq 430|hdu jurzwk hslvrghv1
8Wklv lv dovr wkh phvvdjh ri wkh furvv0frxqwu| vwxg| ri V}￿nho| dqg Klojhuw +4<<<,1
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Dv glvfxvvhg lq wkh suhylrxv vhfwlrq/ prvw ri wkh hpslulfdo sdshuv wkdw vwxg| wkh uhodwlrqvkls ehwzhhq
glvwulexwlrq dqg jurzwk vxhu iurp wzr pdlq sureohpv=
41 Wkh| xvh orz txdolw| gdwd rq lqfrph glvwulexwlrq1 Sodww +4<;<, srlqwv rxw wkdw pdq| ri
wkh r!fldo vwdwlvwlfdo djjuhjdwhv xvhg e| hfrqrplvwv duh qrw uholdeoh/ odfn uljrurxv wkhruhwlfdo
edfnlqj/ dqg duh qrw frpsdudeoh ryhu wlph ru vsdfh1 Proo +4<<5, vkrzv wkdw wkh sureohp lv
sduwlfxoduo| vhulrxv iru lqfrph glvwulexwlrq gdwd1 Wkh pdlq sureohpv frqvlvw ri wkh glhuhqw
phwkrgv ri gdwd froohfwlrq dqg djjuhjdwlrq/ vpdoo vdpsoh vl}h/ dqg lqdghtxdwh wuhdwphqw ri
wkh lqirupdo vhfwru1 Ilhogv +4<;<, vxuyh|v gdwd rq lqfrph glvwulexwlrq dqg sryhuw| iru :3
ghyhorslqj frxqwulhv dqg qgv wkdw rqo| 68 frxqwulhv kdyh gdwd wkdw phhw vrph plqlpdo
fulwhuld ri uholdelolw| dqg frpsdudelolw|1 Dwnlqvrq dqg Eudqgrolql +4<<<, dqg V}ìnho| dqg
Klojhuw +4<<<, fulwlfl}h wkh kljk txdolw| gdwd0vhw frpslohg e| Ghqlqjhu dqg Vtxluh +4<<9,1
51 Lqvwhdg ri wu|lqj wr lghqwli| wkh vwuxfwxudo olqnv ehwzhhq lqfrph glvwulexwlrq dqg jurzwk/ wkh|
rqo| whvw uhgxfhg irup htxdwlrqv +wkh h{fhswlrq lv Shurwwl/ 4<<9,1 Wkh uhdvrqv zk| wkhvh
sdshuv gr qrw jr eh|rqg uhgxfhg irup dqdo|vlv lv zhoo h{suhvvhg e| Shuvvrq dqg Wdehoolql=
Wd{dwlrq lq rxu prgho qhhg qrw wr eh wdnhq olwhudoo|1 Wd{dwlrq fdq eh hlwkhu h{solflw
ru lpsolflw/ dqg pdq| rwkhu srolflhv duh vlplodu/ lq wkdw wkh| dhfw wkh lqfhqwlyhv
iru surgxfwlyh dffxpxodwlrq dqg hqwdlo d uhglvwulexwlyh frpsrqhqw1 Prvw lpsruwdqw
dprqj jhqhudo srolflhv duh suredeo| vrph dvshfwv ri wkh uhjxodwru| v|vwhp= sdwhqw
ohjlvodwlrq dqg hqirufhphqw ri lqwhoohfwxdo dqg jhqhudo surshuw| uljkwv1 Prvw lp0
sruwdqw dprqj vhfwrudo srolflhv duh suredeo| wudgh/ lqgxvwuldo/ dqg vhfwrudo srolflhv/
dqg vhfwrudo uhjxodwlrqv1111Wkhvh ydulrxv jhqhudo dqg vhfwrudo srolflhv duh jrlqj wr
eh kdug wr phdvxuh lq d vdwlvidfwru| zd| dfurvv frxqwulhv +Shuvvrq dqg Wdehoolql/
4<<5,1
D1 Wkh udwlrqdoh iru xvlqj uhjlrqdo gdwd
D srvvleoh vroxwlrq wr erwk sureohpv frqvlvwv lq xvlqj uhjlrqdo gdwd1 Eodqfkdug +4<<4, srlqwv
rxw wkdw pdfurhfrqrplvwv kdyh uhglvfryhuhg uhjlrqdo hfrqrplfv ehfdxvh wkh frpsdulvrq ri uhjlrqv
rhuv d pxfk ehwwhu frqwuroohg h{shulphqw wkdq wkh frpsdulvrq ri frxqwulhv1 Lq sduwlfxodu/ wkh
h{shulhqfh ri wkh Dphulfdq vwdwhv uhsuhvhqwv d yhu| lpsruwdqw vrxufh ri gdwd iru vwxg|lqj wkh
ghwhuplqdqwv ri orqj uxq jurzwk1 Lq wzr vhplqdo sdshuv/ Eduur dqg Vdod0l0Pduwlq +4<<4/ 4<<5d, xvh
gdwd rq Dphulfdq vwdwhv/ Hxurshdq uhjlrqv/ Mdsdqhvh suhihfwxuhv/ dqg Fdqdgldq surylqfhv wr whvw
iru orqj0uxq frqyhujhqfh1 Eduur dqg Vdod0l0Pduwlq +4<<5e,/ xvh uhjlrqdo gdwd wr vwxg| wkh hpslulfdo
ghwhuplqdqwv ri qhw pljudwlrq dfurvv XV vwdwhv dqg Mdsdqhvh suhihfwxuhv1 Ehqkdele dqg Vslhjho
+4<<5, xvh XV uhjlrqdo gdwd wr whvw iru wkh uroh ri kxpdq fdslwdo lq hfrqrplf ghyhorsphqw1 Flffrqh
dqg Kdoo +4<<9, xvh XV vwdwhv gdwd wr h{sodlq wkh idfwruv wkdw olqn surgxfwlylw| wr lqgxvwuldo ghqvlw|1
Wkh uhdvrqv iru wkh vxffhvv ri furvv0vwdwh vwxglhv uhvlgh lq wkh idfw wkdw wkh xvh ri uhjlrqdo gdwd
vroyhv vrph ri wkh w|slfdo sureohpv ri furvv0frxqwu| uhjuhvvlrqv1 Wkh gdwd duh ri jrrg txdolw| dqg duh
frpsdudeoh dfurvv vwdwhv1 Ixuwkhupruh/ uhjuhvvlrq dqdo|vlv suhvxssrvhv wkdw wkh gdwd duh vdpsohg
iurp d vlqjoh srsxodwlrq19 Wklv dvvxpswlrq lv pruh sodxvleoh iru uhjlrqdo vwxglhv wkdq iru odujh
furvv0frxqwu| vdpsohv1
Iru wklv sdshu*v sxusrvh ri whvwlqj wkh olqnv ehwzhhq lqhtxdolw| dqg jurzwk/ gdwd rq Dphulfdq
vwdwhv kdyh vrph dgglwlrqdo dgydqwdjhv= zkloh vkdulqj prvw ri wkh uhjxodwlrqv wkdw duh gl!fxow wr
txdqwli| dqg frpsduh dfurvv frxqwulhv/ wkh Dphulfdq vwdwhv kdyh glhuhqw ohyhov ri wd{dwlrq dqg
wudqvihu srolflhv +Sduwulgjh/ 4<<:,1 Wklv lv wkh lghdo vhwwlqj iru lqyhvwljdwlqj wkh suhvhqfh ri d vfdo
fkdqqho olqnlqj lqhtxdolw| wr jurzwk1
Wkhuh duh/ krzhyhu/ vrph sureohpv lq xvlqj wklv gdwd0vhw1 Wkh prvw lpsruwdqw uhodwhv wr wkh orz
yduldelolw| ri lqfrph glvwulexwlrq dfurvv vwdwhv1 Wkh qh{w vxevhfwlrq vwxglhv wklv sureohp lq juhdwhu
9Kduehujhu +4<;:, dvnv ￿Zkdw gr Wkdlodqg/ wkh Grplqlfdq Uhsxeolf/ ]lpedezh/ Juhhfh/ dqg Erolyld kdyh lq
frpprq wkdw phulwv wkhlu ehlqj sxw lq wkh vdph uhjuhvvlrq dqdo|vlv B￿
8ghwdlo1 Dqrwkhu sureohp lv wkdw lq wkh XV prvw ri uhglvwulexwlrq dqg wd{dwlrq lv grqh wkurxjk wkh
ihghudo jryhuqphqw dqg wkhuhiruh/ hyhq li d vfdo fkdqqho h{lvwv/ lw pd| qrw eh srvvleoh wr xqfryhu
lw e| xvlqj vwdwh ohyho gdwd1
E1 Phdvxulqj lqhtxdolw|
Wkh glvwulexwlrqdo yduldeohv zhuh exlow xvlqj dgmxvwhg jurvv lqfrph gdwd iurp wkh dqqxdo uhsruwv/
Vwdwlvwlfv ri Lqfrph/ Lqglylgxdo Lqfrph Wd{ Uhwxuq+VRL,/ sxeolvkhg e| wkh Lqwhuqdo Uhyhqxh Vhuylfh1
Wkh VRL gdwd zhuh xvhg wr frpsxwh Jlql lqglfhv dqg euhdn xs wkh srsxodwlrq lq txlqwlohv iru 4<53/
4<63/ 4<73/ 4<83/ 4<93/ 4<9</: dqg 4<;31 Wkh VRL gdwd duh edvhg rq suh0wd{ dgmxvwhg jurvv lqfrph1
Wkh| lqfoxgh fdslwdo jdlqv exw h{foxgh lqwhuhvw rq vwdwh dqg orfdo erqgv dqg prvw wudqvihu lqfrph1
Wklv lv dq rswlpdo vrxufh ri gdwd iru dw ohdvw wkuhh uhdvrqv= +l, vlqfh wd{ hydvlrq lv qrw d elj sureohp
lq wkh Xqlwhg Vwdwhv/ gdwd rq wd{dwlrq duh olnho| wr eh pruh dffxudwh wkdq wkh gdwd ri rwkhu vxuyh|v
+vxfk dv wkh Fhqvxv dqg wkh FSV,> +ll, prvw wkhruhwlfdo prghov olqn hfrqrplf jurzwk wr suh0wd{ dqg
wudqvihu lqfrph glvwulexwlrq> dqg +lll, suh0wd{ gdwd vkrz pruh yduldelolw| wkdq diwhu wd{ gdwd1 Wkh
eljjhvw sureohp zlwk wklv gdwd0vhw lv wkdw lw grhv qrw fdswxuh wkh lqfrph ri wkh shrsoh zkr duh qrw
uhtxluhg wr oo rxw d wd{ uhwxuq1 Wkh fhqvrulqj dw wkh orzhu hqg ri wkh glvwulexwlrq pd| h{sodlq wkh
orz fruuhodwlrq ehwzhhq wkh Jlql lqgh{ frpsxwhg zlwk Wd{ gdwd dqg wkh Jlql lqgh{ frpsxwhg zlwk
Fhqvxv gdwd1 Sdql}}d dqg Vdqg| +4<<;, vkrz wkdw wklv fruuhodwlrq rvfloodwhv ehwzhhq 3155 dqg 31751
Wkh VRL gdwd duh jurxshg lq lqfrph fodvvhv1 Iru hdfk lqfrph fodvv/ VRL uhsruwv wkh qxpehu ri
lqglylgxdov dqg wkhlu wrwdo lqfrph1 Lw lv wkhuhiruh qhfhvvdu| wr xvh dq dssur{lpdwlrq whfkqltxh wr
hvwlpdwh wkh Jlql lqgh{ dqg wr glylgh wkh srsxodwlrq lqwr txlqwlohv1
Wkh Jlql lqgh{ zdv frpsxwhg e| xvlqj d vlpsoh olqhdu dssur{lpdwlrq wr wkh Oruhq} fxuyh1 Lw
lv zhoo nqrzq wkdw wklv phwkrg v|vwhpdwlfdoo| xqghuvwdwhv lqhtxdolw|1 Krzhyhu/ Jdvwzluwk +4<:5,
vkrzv wkdw li wkh qxpehu ri jurxsv lv odujh hqrxjk wkh huuru lv vpdoo1
Dq lqwhusrodwlrq phwkrg zdv xvhg wr euhdn grzq wkh srsxodwlrq lqwr txlqwlohv1 Ehfdxvh ri wkh
odujh qxpehu ri lqglfhv wr frpsxwh +8 txlqwlohv iru 7; vwdwhv iru : |hduv |lhog 49;3 gdwd srlqwv,/ wkh
phwkrg qhhghg wr eh erwk dffxudwh dqg vlpsoh1 Wkh vsolw klvwrjudp phwkrg vxjjhvwhg e| Frzhoo
+4<<8, kdv erwk fkdudfwhulvwlfv1 Frzhoo +4<<8, frpsxwhv ydulrxv lqhtxdolw| lqglfhv xvlqj wkh vsolw
klvwrjudp phwkrg wr lqwhusrodwh gdwd iurp wkh Vwdwlvwlfv ri Lqfrph dqg qgv wklv phwkrg wr eh
yhu| urexvw1 Whfkqlfdo ghwdlov rq wkh ghulydwlrq ri wkh txlqwlohv duh surylghg lq wkh dsshqgl{1
Vrph furvv0frxqwu| vwxglhv xvh wkh Jlql lqgh{ dv d phdvxuh ri lqfrph glvwulexwlrq +wklv lv wkh
yduldeoh xvhg e| Dohvlqd dqg Urguln/ 4<<7,1 Wklv fkrlfh lv riwhq gxh wr gdwd dydlodelolw|1 Lq idfw/
qr wkhruhwlfdo prgho pdnhv dq h{solflw uhihuhqfh wr wklv lqgh{1 Ixuwkhupruh/ wkh Jlql lqgh{ lv d
jrrg phdvxuh ri lqfrph lqhtxdolw| rqo| li wkhuh lv qr Oruhq} furvvlqj1 Erwk Shuvvrq dqg Wdehoolql
+4<<7, dqg Dohvlqd dqg Urguln +4<<7, pdnh xvh ri wkh phgldq yrwhu wkhruhp1 Lq wkhvh prghov
uhglvwulexwlrq dqg jurzwk ghshqg rq wkh glvwdqfh ehwzhhq wkh lqfrph ri wkh phgldq yrwhu dqg wkh
dyhudjh shu fdslwd lqfrph1
Wkh lghdo glvwulexwlrqdo yduldeoh wr whvw wkhvh prghov zrxog wkhq eh wkh uhodwlyh srvlwlrq ri wkh
phgldq yrwhu1 Xqiruwxqdwho|/ wklv vwdwlvwlf fdqqrw eh fdofxodwhg zlwk vx!flhqw suhflvlrq1 D phdvxuh
ri lqhtxdolw| wkdw surylghv d jrrg dssur{lpdwlrq wr wkh uhodwlyh srvlwlrq ri wkh phgldq yrwhu lv
wkh lqfrph vkduh ri wkh wklug txlqwloh1 Lw lv srvvleoh wr vkrz wkdw wkh srvlwlrq ri wkh phgldq yrwhu
lv d ixqfwlrq ri wkh lqfrph vkduh ri wkh wklug txlqwloh soxv wkh vkdsh ri wkh lqfrph glvwulexwlrq
zlwklq wkh wklug txlqwloh1 Lqirupdwlrq rq wkh odwwhu lv qhfhvvdu| wr ghwhuplqh wkh h{dfw srvlwlrq ri
wkh phgldq yrwhu/ exw/ iru dq| lqwhu0txlqwloh glvwulexwlrq/ wkh kljkhu wkh lqfrph vkduh ri wkh wklug
txlqwloh wkh kljkhu +uhodwlyh wr wkh dyhudjh lqfrph, wkh lqfrph ri wkh phgldq yrwhu/ uhjdugohvv ri
wkh fkdudfwhulvwlfv ri wkh rwkhu txlqwlohv1;
:4<9< gdwd zhuh xvhg lqvwhdg ri 4<:3 gdwd ehfdxvh d fkdqjh lq wkh uhsruwlqj surfhgxuh juhdwo| uhgxfhg wkh qxpehu
ri uhsruwlqj lqglylgxdov lq 4<:31
;E| dvvxplqj wkdw wkh zlwklq0txlqwloh lqfrph glvwulexwlrq lv qrw vnhzhg/ lw lv srvvleoh wr vkrz wkdw wkhuh lv d
shuihfw fruuhvsrqghqfh ehwzhhq wkh lqfrph vkduh ri wkh wklug txlqwloh dqg wkh uhodwlyh srvlwlrq ri wkh phgldq yrwhu1
Lq sduwlfxodu/ wkh lqfrph ri wkh phgldq yrwhu zloo eh kljkhu +orzhu, wkdq dyhudjh lqfrph li wkh lqfrph vkduh ri wkh
wklug txlqwloh lv kljkhu +orzhu, wkdq 2fI1 Ohw t eh wrwdo lqfrph/ 7 t dyhudjh lqfrph/ 7 tr wkh dyhudjh lqfrph ri wkh r|￿
txlqwloh dqg tr wkh lqfrph vkduh ri wkh r|￿ txlqwloh1 tr ’
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7 t / wkhuhiruh tr : 2f i 7 tr : 7 t 1 Wklv uhvxow
zloo qrw krog li wkh zlwklq0txlqwloh glvwulexwlrq lv vnhzhg +ehfdxvh lw zrxog eh lpsrvvleoh wr hvwdeolvk d fruuhvsrqghqfh
ehwzhhq wkh lqfrph ri wkh phgldq yrwhu dqg dyhudjh lqfrph ri wkh wklug txlqwloh,1
9Wdeoh 4= Furvv0frxqwu| gdwd1 Lqfrph glvwulexwlrq dqg lqfrph shu fdslwd +doo wkh yduldeohv duh
phdvxuhg durxqg 4<931 Lqfrph shu fdslwd lv lq 4<;3 sulfhv,
Jlql 6ug 6ug.7wk Lqfrph shu
txlqwloh txlqwlohv fdslwd
Plq1 : Jderq 5518 Nhq|d 53; Wdq}1
Pd{1 3195 4;1; GN 75 GN :6;3 XVD
Dy1 3177; 46 6715 54<3
Qrup1 Vwghy1 314; 314< 31489 31;8
E| xvlqj wzr glhuhqw phdvxuhv ri lqhtxdolw| Sduwulgjh +4<<:, rewdlqv frqwudglfwru| uhvxowv1 Rq
wkh rqh kdqg/ kh qgv d srvlwlyh fruuhodwlrq ehwzhhq wkh lqfrph vkduh ri wkh wklug txlqwloh dqg
jurzwk/ lqglfdwlqj wkdw lqhtxdolw| lv kdupixo iru jurzwk1 Rq wkh rwkhu kdqg/ kh qgv d srvlwlyh
fruuhodwlrq ehwzhhq wkh Jlql lqgh{ dqg jurzwk/ lqglfdwlqj wkdw lqhtxdolw| lv jurzwk hqkdqflqj1
Vlplodu uhvxowv duh irxqg e| V}ìnho| dqg Klojhuw +4<<<, zkr vkrz wkdw wkh uhodwlrqvkls ehwzhhq
lqhtxdolw| dqg jurzwk lv vhqvlwlyh wr wkh phdvxuh ri lqhtxdolw| xvhg lq wkh uhjuhvvlrq1 Lq wklv sdshu/
L iroorz Shuvvrq dqg Wdehoolql +4<<7, dqg xvh wkh lqfrph vkduh ri wkh wklug txlqwloh dv wkh pdlq
glvwulexwlrq yduldeoh1 L dovr vkrz wkdw wkh uhvxowv ri d qhjdwlyh fruuhodwlrq ehwzhhq lqhtxdolw| dqg
jurzwk duh urexvw wr wkh xvh ri rwkhu glvwulexwlrqdo yduldeohv1
Zkloh wkh lqfrph vkduh ri wkh wklug txlqwloh lv wkh ehvw yduldeoh wr whvw iru wkh suhvhqfh ri d
vfdo fkdqqho/ wkh prghov wkdw hpskdvl}h wkh uroh ri hgxfdwlrq dqg ihuwlolw| frqfhqwudwh rq wkh
ehkdylru ri wkh srruhvw sduw ri wkh srsxodwlrq1 Lq wklv fdvh wkh dssursuldwh glvwulexwlrq phdvxuh
zrxog eh wkh lqfrph vkduh ri wkh uvw txlqwloh/ ru wkh qxpehu ri shrsoh +ru idplolhv, olylqj ehorz
wkh sryhuw| olqh1 Wkh sureohp zlwk wkh odwwhu phdvxuh lv wkdw wkh sryhuw| olqh lv xqlirup dfurvv wkh
XV wkhuhiruh wkh qxpehu ri shrsoh ehorz wkh sryhuw| olqh lq d jlyhq vwdwh lv kljko| fruuhodwhg zlwk
wkh lqfrph shu fdslwd ri wkdw sduwlfxodu vwdwh1 Khqfh/ L xvh wkh udwlr ri wkh lqfrph vkduh ri wkh uvw
dqg iwk txlqwlohv +T4@T8, wr fdswxuh wkh glhuhqfh ehwzhhq wkh ulfkhvw dqg srruhvw vhfwlrqv ri wkh
srsxodwlrq1
F1 Yduldelolw| ri wkh gdwd
Wkh zhoo nqrzq odujh furvv0frxqwu| glhuhqfhv lq wkh ohyhov ri lqfrph lqhtxdolw| mxvwli| wkh hpslulfdo
zrun ri Shurwwl +4<<9,/ Dohvlqd dqg Urguln +4<<7,/ dqg Shuvvrq dqg Wdehoolql +4<<7,1 Li furvv0vwdwh
gdwd duh wr surylgh pruh lqirupdwlrq wkdq furvv0frxqwu| gdwd/ lw lv qhfhvvdu| wr pdnh vxuh wkdw wkhuh
duh glhuhqw sdwwhuqv ri lqhtxdolw| dqg lqfrph jurzwk dfurvv vwdwhv1 Wklv vxevhfwlrq frpsduhv wkh
yduldelolw| ri furvv0vwdwh gdwd zlwk wkh yduldelolw| ri furvv0frxqwu| gdwd1 Wkh uhvxowv duh uhsruwhg lq
Wdeohv 4/ 5/ 6/ 7/ dqg 81
Wdeoh 4 frqwdlqv wkh vxppdu| vwdwlvwlfv ri wkh gdwd0vhwv xvhg e| Dohvlqd dqg Urguln +4<<7,/
Shurwwl +4<<9,/ dqg Shuvvrq dqg Wdehoolql +4<<7,1 Wr frpsduh wkh yduldelolw| ri wkh furvv0vwdwh
gdwd0vhw xvhg lq wklv sdshu zlwk wkh furvv0frxqwu| yduldelolw| L qrupdol}h wkh vwdqgdug ghyldwlrqv
+{@{, ri wkh glvwulexwlrqdo yduldeohv dqg ri wkh ohyho ri shu fdslwd lqfrph1 Dv h{shfwhg/ wkh furvv0
frxqwu| gdwd kdyh odujhu yduldelolw| exw wkh glhuhqfhv duh qrw dv gudpdwlf dv rqh zrxog wklqn1 Wkh
furvv0frxqwu| qrupdol}hg vwdqgdug ghyldwlrq iru wkh lqfrph vkduh ri wkh 6ug txlqwloh lv 314<1 Wkh
furvv0vwdwh qrupdol}hg vwdqgdug ghyldwlrqv udqjh iurp 31386 +iru wkh |hdu 4<;3, wr 3146 +vhh Wdeoh
5,1 Li 4<;3 lv h{foxghg/ wkh qrupdol}hg vwdqgdug ghyldwlrqv iru wkh furvv0vwdwh gdwd0vhw duh dozd|v
dw ohdvw rqh irxuwk +riwhq juhdwhu wkdq rqh wklug, ri wkh furvv0frxqwu| vwdqgdug ghyldwlrq1 Lq wzr
ghfdghv +4<63 dqg 4<93,/ wkh furvv0vwdwh qrupdol}hg vwdqgdug ghyldwlrqv duh juhdwhu wkdq kdoi wkh
furvv0frxqwu| hvwlpdwhv1 Wkh qrq0wulyldo yduldelolw| ri wkh lqfrph vkduh ri wkh wklug txlqwloh lv dovr
looxvwudwhg e| Iljxuh 41
Shurwwl +4<<9, xvhv wkh lqfrph vkduh ri wkh wklug dqg irxuwk txlqwlohv ehfdxvh wklv yduldeoh lv
kljko| fruuhodwhg zlwk wkh lqfrph vkduh ri wkh wklug txlqwloh dqg lv ohvv vhqvlwlyh wr phdvxuhphqw
huuruv1 Ixuwkhupruh/ wklv phdvxuh vkrxog fdswxuh wkh lghd ri plggoh fodvv zklfk lv uhohydqw lq vrph
ri wkh wkhruhwlfdo prghov1 Wdeoh 6 vkrzv wkdw wkh furvv0vwdwh yduldelolw| ri wkh lqfrph vkduh ri wkh
wklug dqg irxuwk txlqwlohv udqjhv iurp 3137 wr 31451 Wkh fruuhvsrqglqj ydoxh iru wkh furvv0frxqwu|
gdwd lv 314891 Dovr khuh wkh yduldelolw| ri wkh furvv0vwdwh gdwd0vhw lv riwhq juhdwhu wkdq rqh wklug ri



















Iljxuh 4= Lqfrph Vkduh ri wkh 6ug Txlqwloh1 Ydulrxv \hduv
Wdeoh 5= Furvv0vwdwh gdwd1 Lqfrph vkduh ri wkh wklug txlqwloh
4<53 4<63 4<73 4<83
Plq1 4514; Q\ ;154 GH 43184 GH 4518: GH
Pd{1 4:168 QY 4;153 QG 4<146 QP 4;188 ZD
Dy1 471;7 461;7 49169 49145
Qrup1 Vwgy1 313;6 3146 313:9 31396
4<93 4<:3 4<;3 4<530;3
Plq1 <1:5 FD 44185 GH 441:: W[ ;154
Pd{1 54156 QY 4:1<4 QK 4:175 FW 54156
Dy1 49164 481<: 48157 48185
Qrup1 Vwgy1 31456 313:7 31386 31437
;Wdeoh 6= Furvv0vwdwh gdwd1 Lqfrph vkduh ri wkh wklug dqg irxuwk txlqwlohv
4<53 4<63 4<73 4<83
Plq1 5;1:7 Q\ 5319; GH 561: GH 63169 GH
Pd{1 6;169 QY 751:6 QG 75187 QP 7414< PQ
Dy1 661;5 6614< 691<8 6;155
Qrup1 Vwgy1 313: 3145 313: 3138
4<93 4<:3 4<;3 4<530;3
Plq1 57169 PW 65138 GH 691:8 IO 5319;
Pd{1 78164 QY 771<4 QK 79145 FW 79145
Dy1 7313< 731;7 73173 6:195
Qrup1 Vwgy1 313< 3138 3137 31438
Wdeoh 7= Furvv0vwdwh gdwd1 Jlql lqgh{
4<53 4<63 4<73 4<83
Plq1 3155 Z\ 3165 LG 3164 LG 3163 JD
Pd{1 3179 Q\ 3197 GH 318; GH 3186 GH
Dy1 3167 3177 3169 3174
Qrup1 Vwgy1 314: 313: 3139 3138
4<93 4<:3 4<;3 4<530;3
Plq1 3173 XW 3175 PD 3173 FW 3155
Pd{1 319: PW 317< GH 3185 VG 319:
Dy1 3177 3179 317: 175
Qrup1 Vwgy1 3137 3136 3138 3147
kdoi ri wkh furvv0frxqwu| yduldelolw|1
Wdeoh 7 frqwdlqv wkh Jlql lqgh{ gdwd1 Wkh yduldelolw| ri wklv lqgh{ lv voljkwo| orzhu wkdq wkh
yduldelolw| ri wkh wklug dqg irxuwk txlqwlohv exw lw lv riwhq juhdwhu wkdq rqh irxuwk ri lwv furvv0frxqwu|
yduldelolw|1
Wkhvh uhvxowv duh txlwh uhpdundeoh frqvlghulqj wkh vljqlfdqw glhuhqfhv ehwzhhq wkh wzr gdwd0
vhwv1 Zkloh wkh furvv0vwdwh gdwd0vhw xvhv kljk txdolw| dqg krprjhqhrxv gdwd/ wkh furvv0frxqwu|
gdwd0vhw lv ghulyhg iurp vxuyh|v wkdw= +l, duh vxemhfw wr zlgh phdvxuhphqw huuruv +hvshfldoo| lq
ghyhorslqj frxqwulhv,> +ll, duh edvhg rq glhuhqw frqfhswv ri uhflslhqw xqlwv +vrph xvh lqglylgxdov
rwkhu krxvhkrogv,> dqg +lll, gr qrw kdyh krprjhqhrxv fryhudjh +vrph vxuyh|v duh olplwhg wr xuedq
duhdv,1 Khqfh/ hyhq li wkh wzr srsxodwlrqv kdg wkh vdph xqghuo|lqj yduldelolw|/ zh h{shfw wr qg d
kljkhu yduldelolw| lq wkh furvv0frxqwu| gdwd0vhw dv lw lv vxemhfw wr d kljkhu phdvxuhphqw huuru1
Lqfrph shu0fdslwd lv dq h{sodqdwru| yduldeoh xvhg lq doo furvv0frxqwu| dqg furvv0vwdwh vwxglhv
+h1j1 Eduur dqg Vdod0l0Pduwlq/ 4<<5,1 Krz grhv wkh yduldelolw| ri furvv0frxqwu| shu fdslwd lqfrph
frpsduh wr lwv furvv0vwdwh yduldelolw|B Wkh qrupdol}hg vwdqgdug ghyldwlrq iru furvv0frxqwu| shu0
fdslwd lqfrph lq 4<93 lv 31;83> wkh fruuhvsrqglqj furvv0vwdwh vwdqgdug ydoxhv udqjh iurp 3164 wr
3185; +iru wkh srrohg vdpsoh,1 Li wkh srrohg vdpsoh lv h{foxghg/ wkh furvv0vwdwh yduldelolw| lv dozd|v
ohvv wkdq kdoi ri wkh furvv0frxqwu| yduldelolw| dqg/ iurp 4<83 rq/ dozd|v ohvv wkdq rqh irxuwk ri wkh
furvv0frxqwu| yduldelolw|1
Dowkrxjk wkh yduldelolw| lq furvv0vwdwh lqhtxdolw| lv vpdoohu wkdw wkh yduldelolw| lq furvv0frxqwu|
lqhtxdolw|/ wkh glhuhqfhv ehwzhhq wkhvh wzr gdwd0vhwv duh vlplodu wr wkh glhuhqfhv ehwzhhq wkh
furvv0frxqwu| dqg furvv0vwdwh yduldelolw| lq shu fdslwd lqfrph1 Vlqfh gdwd rq furvv0vwdwh shu fdslwd
lqfrph kdyh ehhq vxffhvvixoo| xvhg lq pdq| hpslulfdo vwxglhv/ wkh hylghqfh suhvhqwhg deryh surylghv
vwurqj vxssruw iru xvlqj furvv0vwdwh gdwd rq lqhtxdolw|1
Wdeoh 8= Furvv0vwdwh gdwd1 Lqfrph shu fdslwd +4<;3 sulfhv,
4<53 4<63 4<73 4<83
Plq1 447: PV <;314< PV 457: PV 5984 PV
Pd{1 74;7 Q\ 8387 Q\ 8<8; GH 9<95 GH
Dy1 57<4 5986 6465 7;66
Qrup1 Vwgy1 316435 316:;9 316884 3154;5
4<93 4<:3 4<;3 4<<3 4<530;3
Plq1 6776 PV 8836 PV 9;9; PV :<59 PV <;3
Pd{1 ;43< FW 43:35 FW 454:3 FW 49365 FW 454:3
Dy1 8;88 :<<< <6<4 443;; 84<6
Qrup1 Vwghy1 314<5< 3148;6 3146<: 3148;: 3185;
<7 Hyroxwlrq ri Lqfrph Glvwulexwlrq lq wkh XV Uhjlrqv
E| glylglqj wkh 7; frqwlqhqwdo XV vwdwhv lqwr irxu Fhqvxv uhjlrqv lw lv srvvleoh wr revhuyh vrph
frqyhujhqfh lq wkh hyroxwlrq ri wkhlu lqfrph glvwulexwlrq1 Lq 4<;3/ iru doprvw doo txlqwlohv/ wkh
ghyldwlrq iurp wkh qdwlrqdo dyhudjh zdv forvh wr }hur +Sdql}}d/ 4<<:/ suhvhqwv suholplqdu| hylghqfh
iru frqyhujhqfh lq lqfrph glvwulexwlrq,1 Wkh lqhtxdolw| lqglfhv iru wkh Qruwkhdvw dqg wkh Zhvw
pryhg lq rssrvlwh gluhfwlrqv1 Ehiruh 4<83/ wkh Qruwkhdvw zdv fkdudfwhul}hg e| yhu| kljk lqhtxdolw|
zlwk orz lqfrph vkduhv ri wkh uvw/ vhfrqg/ wklug/ dqg irxuwk txlqwlohv dqg d yhu| kljk lqfrph vkduh
ri wkh iwk txlqwloh1 Wkh rssrvlwh zdv wuxh iru wkh Zhvw zklfk/ xqwlo 4<83/ zdv fkdudfwhul}hg e|
uhodwlyho| kljk lqfrph vkduhv ri wkh uvw irxu txlqwlohv1 Wkh lqfrph vkduhv ri wkh yh txlqwlohv
zhuh txlwh vwdeoh lq wkh Vrxwk dqg wkh Plgzhvw1 Wkh Vrxwk kdv ehhq fkdudfwhul}hg e| d ohyho ri
lqhtxdolw| voljkwo| deryh wkh qdwlrqdo dyhudjh/ dqg wkh Plgzhvw e| d ohyho ri lqhtxdolw| voljkwo| ehorz
wkh qdwlrqdo dyhudjh1 Lq wkh Vrxwk/ wkh lqfrph vkduhv ri wkh wklug dqg irxuwk txlqwlohv duh pxfk
orzhu wkdq wkh qdwlrqdo dyhudjh/ d vljq ri wkh uhodwlyh sryhuw| ri wkh plggoh fodvv1
Wkh vwdwhv jurxshg lq wkh irxu Fhqvxv uhjlrqv duh idu iurp ehlqj krprjhqhrxv1 Lw lv srvvleoh wr
rewdlq pruh lqirupdwlrq e| xvlqj wkh ; Fhqvxv glylvlrqv1 Wklv qhu sduwlwlrq vkrzv wkdw wkh Qhz
Hqjodqg dqg Plghdvw vwdwhv kdyh wkh vdph wuhqg dv wkh Qruwkhdvw1< Wkh Juhdw Odnhv dqg wkh Sodlqv
iroorz rssrvlwh sdwwhuqv> wklv frqwulexwhv wr wkh  dwqhvv ri wkh Plgzhvw wuhqg1 Wkh prvw lpsruwdqw
slhfh ri lqirupdwlrq rewdlqhg dqdo|}lqj wkh Fhqvxv glylvlrqv lv wkh yhu| kljk ohyho ri lqhtxdolw| ri
wkh Plghdvw1 Iru wklv jurxs ri vwdwhv/ wkh lqfrph vkduh ri wkh iwk txlqwloh lv dozd|v deryh wkh XV
dyhudjh zkloh wkh lqfrph vkduh ri wkh wklug dqg irxuwk txlqwlohv lv dozd|v ehorz wkh XV dyhudjh1
Wkh hyroxwlrq ri wkh lqfrph glvwulexwlrq ri wkh vlqjoh vwdwhv looxvwudwhv wkdw wkh Plghdvw sdwwhuq
lv gulyhq e| wkh ehkdylru ri Qhz \run dqg Ghodzduh1 Doo wkh vwdwhv lq wklv uhjlrq h{klelw d kljkhu
wkdq dyhudjh ohyho ri lqhtxdolw|1 Pdu|odqg/ Qhz Mhuvh|/ dqg Shqqv|oydqld krzhyhu/ kdyh vkrzq
vrph frqyhujhqfh wrzdug wkh qdwlrqdo dyhudjh +hvshfldoo| lq wkh lqfrph vkduh ri wkh uvw dqg vhfrqg
txlqwlohv,1 Qhz \run dqg Ghodzduh/ lqvwhdg/ duh fkdudfwhul}hg e| yhu| orz lqfrph vkduhv ri wkh uvw
irxu txlqwlohv1
L dp qrw dzduh ri dq| vwxg| wkdw ghfrpsrvhv vwdwh ohyho lqhtxdolw| lqglfhv xvlqj wd{ gdwd1 Vrph
dxwkruv kdyh fdofxodwhg lqhtxdolw| lqglfhv xvlqj krxvhkrog vxuyh|v1 Ehwvrq dqg Kdyhpdq +4<;7,
frpsxwh vwdwh0ohyho Wkhlo lqhtxdolw| lqglfhv iru 4<:81 Wkhlu phdvxuh ri lqhtxdolw| lv qrw gluhfwo|
frpsdudeoh wr wkh phdvxuh xvhg lq wklv sdshu iru wkuhh uhdvrqv= +l, wkh| xvh d glhuhqw lqhtxdolw|
lqgh{> +ll, wkh| xvh d glhuhqw vshflfdwlrq ri lqfrph uhflslhqw +krxvhkrogv lqvwhdg ri lqglylgxdov,>
dqg +lll, wkh| xvh d glhuhqw gdwd0vhw +wkh 4<:8 vxuyh| rq lqfrph dqg hgxfdwlrq,1 Hyhq zlwk wkhvh
glhuhqfhv/ Ehwvrq dqg Kdyhpdq qg uhvxowv vlplodu wr wkh rqh rewdlqhg xvlqj wkh gdwd iurp wkh
VRL> lq 4<:8/ wkh Vrxwkhuq vwdwhv kdg wkh prvw vxevwdqwldo ohyhov ri lqhtxdolw| dqg wkh vwdwhv lq
wkh Plgzhvw kdg wkh orzhvw1 Ehwvrq dqg Kdyhpdq dovr dqdo|}h wkh uroh ri wudqvihuv lq uhgxflqj
lqhtxdolw| zlwklq uhjlrqv1 Wkh| qg wkdw/ lq wkh shulrg iurp 4<9: wr 4<:</ wudqvihuv zhuh yhu|
kljk lq wkh Qruwkhdvw dqg Plgzhvw/ exw yhu| orz lq wkh Zhvw1 Lw lv lqwhuhvwlqj wr qrwh wkdw lq wkh
vdph shulrg suh0wudqvihu lqhtxdolw| +phdvxuhg xvlqj wd{ gdwd, zdv ghfuhdvlqj lq wkh Qruwkhdvw dqg
lqfuhdvlqj lq wkh Zhvw1 Lw lv srvvleoh wkdw wkhvh wudqvihuv khoshg vrph idplolhv wr h{lw iurp wkh
sryhuw| wuds looxvwudwhg e| Jdoru dqg ]hlud +4<<6,1 Wklv frxog dovr h{sodlq wkh uroh ri wudqvihuv lq
wkh frqyhujhqfh ri wkh lqhtxdolw| lqglfhv dprqj uhjlrqv1
8 Uhgxfhg Irup Hvwlpdwhv
Wklv vhfwlrq ri wkh sdshu whvwv iru wkh suhvhqfh ri d fruuhodwlrq ehwzhhq lqhtxdolw| dqg hfrqrplf
jurzwk1 Dohvlqd dqg Urguln +4<<7,/ Shuvvrq dqg Wdehoolql +4<<7,/ Shurwwl +4<<9,/ dqg pdq| rwkhu
dxwkruv +vhh Eìqderx 4<<9e iru d frpsohwh vxuyh|, hvwlpdwh uhgxfhg irupv ri furvv0frxqwu| prghov
dqg qg d qhjdwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk1 Ghlqlqjhu dqg Vtxluh +4<<9, qg
wkdw rqo| lqhtxdolw| lq odqg glvwulexwlrq lv vwurqjo| fruuhodwhg zlwk jurzwk1 Iruehv +4<<:, dqg Ol
dqg ]rx +4<<:, qg d srvlwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg vkruw0whup jurzwk1
<Wkh lqfoxvlrq ri wzr h{wud vwdwhv +Pdu|odqg dqg Ghodzduh, uhlqirufhv wkh wuhqg wkdw fkdudfwhul}hv wkh Qruwkhdvw1
Wklv lv d vljq wkdw Ghodzduh dqg Pdu|odqg duh hfrqrplfdoo| forvhu wr wkh Qruwkhdvw wkdq wr wkh Vrxwk1
43Wkh pdlq sureohp zlwk wkh h{lvwlqj hpslulfdo zrun lv wkh srru txdolw| ri wkh furvv0frxqwu|
gdwd rq lqfrph glvwulexwlrq1 Wklv vhfwlrq vkrzv wkdw wkh qglqj ri d qhjdwlyh uhodwlrqvkls ehwzhhq
lqhtxdolw| dqg jurzwk lv urexvw wr wkh xvh ri d kljkhu txdolw| gdwd vhw1 Wr ghylvh d whvw iru wkh
suhvhqfh ri d uhodwlrqvkls ehwzhhq jurzwk dqg lqhtxdolw| rqh qhhgv wr frqvlghu wkh iroorzlqj lvvxhv=
41 Zkdw lv wkh fruuhfw vshflfdwlrq ri wkh prghoB Lq wklv sdshu/ wkh dqdo|vlv vwduwv zlwk d yhu|
vlpsoh dqg zlgho| dffhswhg vshflfdwlrq ri wkh uhgxfhg irup dqg wkhq vwxglhv wkh vhqvlwlylw|
ri wkh uhvxowv wr wkh lqfoxvlrq ri d vhw ri yduldeohv wkdw duh olnho| wr eh fruuhodwhg zlwk erwk
lqfrph glvwulexwlrq dqg jurzwk1
51 Zkdw lqfrph glvwulexwlrq yduldeoh vkrxog eh xvhgB Lqfrph glvwulexwlrq lv phdvxuhg lq irxu
zd|v= +l, lqfrph vkduh ri wkh wklug txlqwloh +T6,> +ll, lqfrph vkduh ri wkh wklug dqg irxuwk
txlqwlohv +T6.T7,> +lll, lqfrph vkduh ri wkh uvw txlqwloh glylghg e| wkh lqfrph vkduh ri wkh
iwk txlqwloh +T4@T8,> dqg +ly, Jlql lqgh{ +JLQL,1
61 Zkdw lv wkh rswlpdo ohqjwk ri wkh jurzwk shulrg wr eh h{dplqhgB Prvw sdshuv whvw iru wkh
idfwruv ghwhuplqlqj orqj uxq jurzwk e| vwxg|lqj jurzwk ryhu hlwkhu wzhqw| ru wkluw|0|hdu
shulrgv1 Iruehv +4<<:, dqg Ol dqg ]rx +4<<:, frqvlghu d sdqho ri yh0|hdu jurzwk hslvrghv1
Lq wklv sdshu L suhvhqw uhvxowv iru whq/ wzhqw|/ dqg wkluw|0|hdu shulrgv/ exw L zloo qrw pdnh dq|
dwwhpsw wr hvwlpdwh wkh hhfw ri lqhtxdolw| rq yh0|hdu jurzwk hslvrghv1
71 Lv lw ehwwhu wr xvh d vlpsoh furvv0vwdwh prgho ru d sdqhoB Zkhuhyhu srvvleoh d sdqho gdwd0vhw lv
xvhg1 Wklv lv d qdwxudo fkrlfh ehfdxvh/ ehvlghv lqfuhdvlqj wkh qxpehu ri revhuydwlrqv/ wkh sdqho
gdwd0vhw pdnhv wkh furvv0vwdwh gdwd pruh frpsdudeoh zlwk wkh furvv0frxqwu| gdwd1 Wkh shu0
fdslwd lqfrph ri Plvvlvvlssl lq 4<63 +'<;3, zdv vlplodu wr wkh 4<93 shu0fdslwd lqfrph ri pdq|
ghyhorslqj frxqwulhv143 Ixuwkhupruh/ wkh h{wuhph ydoxhv/ wkh dyhudjhv/ dqg wkh qrupdol}hg
vwdqgdug ghyldwlrqv ri doo wkh glvwulexwlrq yduldeohv iru wkh srrohg gdwd0vhw duh vlplodu wr wkh
uhvshfwlyh furvv0frxqwu| ydoxhv1
Dqrwkhu dgydqwdjh ri xvlqj wkh sdqho lv wkh srvvlelolw| ri uxqqlqj {hg hhfw hvwlpdwlrqv1 Rqh
sureohp wkdw d"lfwv prvw furvv0vhfwlrqdo uhjuhvvlrqv lv wkh rplwwhg yduldeoh eldv1 Wkh {hg
hhfw hvwlpdwlrqv xvhg lq wklv sdshu doorz wr frqwuro iru xqrevhuydeoh vwdwh fkdudfwhulvwlfv
dqg uhpryh dq| eldv wkdw zrxog uhvxow iurp wkh fruuhodwlrq ri wkhvh xqrevhuyhg fkdudfwhulvwlfv
zlwk wkh h{sodqdwru| yduldeohv1 Uhvxowv iru vlpsoh +qrq0srrohg, furvv0vwdwh uhjuhvvlrqv duh dovr
suhvhqwhg1
Wkh uhvw ri wkh vhfwlrq lv rujdql}hg dv iroorzv1 D vlpsoh uhjuhvvlrq olqnlqj lqhtxdolw| wr jurzwk lv
uvw dqdo|}hg1 Wkh urexvwqhvv ri wkh uhvxowv wr rxwolhuv lv wkhq fkhfnhg1 Wkh vhfwlrq frqfoxghv zlwk
d vhqvlwlylw| dqdo|vlv wr fkhfn zkhwkhu wkh uhvxowv duh gulyhq e| wkh idfw wkdw lqhtxdolw| fdswxuhv wkh
hhfw ri rwkhu yduldeohv fruuhodwhg zlwk erwk jurzwk dqg lqhtxdolw|1
814 Edvlf Uhgxfhg Irup Uhjuhvvlrqv
L vwduw zlwk d vlpsoh vshflfdwlrq ri wkh prgho1 Wr dyrlg gluhfw uhyhuvh fdxvdwlrq/ L dgrsw wkh
vwdqgdug sudfwlfh ri phdvxulqj lqhtxdolw| dw wkh ehjlqqlqj ri hdfk jurzwk shulrg1 Wkh vshflfdwlrq
iru wkh sdqho uhgxfhg irup uhjuhvvlrq lv wkh iroorzlqj=
JURZWK +w>w.q,>l@ l . |w>l . GLVWUw>l . ]l . %w>l> +4,
l lv d vwdwh vshflf lqwhufhsw/ | lv wkh orj ri lqlwldo lqfrph/ GLVWU d yduldeoh fdswxulqj lqfrph
glvwulexwlrq/ dqg ] d yhfwru ri gxpplhv iru glhuhqw ghfdghv1 Dqqxdo jurzwk lv phdvxuhg ryhu
shulrgv ri whq +J43,/ wzhqw| +J53,/ dqg wkluw| +J63,| h d u v 1 44
Wkh h{shfwhg vljqv iru T6/ T6.T7/d q gT4@T8 duh srvlwlyh/ zkloh wkh h{shfwhg vljq iru wkh
Jlql lqgh{ lv qhjdwlyh1 Wdeohv 9 dqg : uhsruwv wkh frh!flhqwv dqg w vwdwlvwlfv dwwdfkhg wr lqlwldo
43Iru lqvwdqfh= Eud}lo ’<<4/ Erolyld ’;;5/ Krqgxudv ’:7;/ Sdudjxd| ’<<4/ Vul Odqnd ’<:7/ Sklolsslqhv ’;:7/ Frwh
g*Lyrluh ’:76/ ]dpeld ’:731































































































Iljxuh 5= Jurzwk dqg Lqhtxdolw|
Wdeoh 9= Edvlf Sdqho Uhjuhvvlrqv1 Whq dqg Wzhqw|0|hdu Jurzwk Hslvrghv
Whq0\hdu Jurzwk Hslvrghv Wzhqw|0\hdu Jurzwk Hslvrghv +4<63/ 4<83/ 4<:3,
| 06184 06178 06195 0617< 06166 051<8 061;5 0617<









I <4148 <4179 <815; <51:9 65416 67719 6831< 6371<
U5 319: 319: 319: 319: 31;8 31;8 31;8 31;8
Q1 Rev1 667 667 666 669 475 475 474 477
w vwdwlvwlfv lq sduhqwkhvhv1 - Ghqrwhv d sdudphwhu zklfk lv vwdwlvwlfdoo| vljql￿fdqw dw 8(1
lqfrph dqg lqhtxdolw|145 Iljxuh 5 vkrzv wkh fruuhodwlrq ehwzhhq T6 dqg JURZWK dqg JLQL
dqg JURZWK +lq wkh judsk JURZWK lv frqwuroohg iru doo wkh rwkhu lqghshqghqw yduldeohv,1
Wkh uhjuhvvlrqv w wkh gdwd idluo| zhoo1 Wkh U5v duh riwhq deryh 31;/ wkh ydoxhv iru wkh I vwdwlvwlfv
duh kljk/ dqg wkh frh!flhqwv dwwdfkhg wr wkh lqhtxdolw| lqglfhv kdyh dozd|v wkh uljkw vljq dqg duh
riwhq vwdwlvwlfdoo| vljqlfdqw dw wkh 4( ohyho +li zh h{foxgh wkh vhfrqg sduw ri Wdeoh :/ wkh| duh
dozd|v vljqlfdqw dw ohdvw dw wkh 8( ohyho,1
Wdeoh : vkrzv wkdw wkh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg wkluw|0|hdu jurzwk lv qrw vwdeoh1 L
qg d vwurqj olqn ehwzhhq wkhvh wzr yduldeohv zkhq L frqvlghu jurzwk hslvrghv vwdulqj lq 4<63 dqg
4<93/ exw zkhq L frqvlghu shulrgv vwduwlqj lq 4<73 dqg 4<:3/ L qg wkdw rqo| wkh lqfrph vkduh ri
wkh wklug txlqwloh lv vljqlfdqwo| dvvrfldwhg zlwk jurzwk1
Duh wkh frh!flhqwv ri Wdeohv 9 dqg : hfrqrplfdoo| vljqlfdqwB Wdeoh ; vkrzv wkh vwdqgdugl}hg
lpsdfw ri lqhtxdolw| rq dqqxdo jurzwk1 Li T6 lqfuhdvhv e| rqh vwdqgdug ghyldwlrq dqqxdo jurzwk
zloo lqfuhdvh e| 319 shufhqw zkhq wzhqw|0|hdu jurzwk hslvrghv duh frqvlghuhg dqg e| dssur{lpdwho|
314 shufhqw zkhq jurzwk lv frpsxwhg ryhu whq ru wkluw|0|hdu shulrgv1 Wkhvh uhvxowv duh qrw yhu|
glhuhqw iurp wkh qglqjv ri wkh furvv0frxqwu| vwxglhv> wkh odwwhu vkrz wkdw li T6 lqfuhdvhv e| rqh
vwdqgdug ghyldwlrq/ jurzwk lqfuhdvhv e| derxw kdoi d shufhqwdjh srlqw +Shuvvrq dqg Wdehoolql/ 4<<7/
45Wkh frh!flhqwv dwwdfkhg wr wkh ghfdgh gxpplhv duh dydlodeoh xsrq uhtxhvw1
45Wdeoh := Edvlf Sdqho Uhjuhvvlrqv1 Wkluw|0|hdu Jurzwk Hslvrghv
4<63 dqg 4<93 Sdqho 4<73 dqg 4<:3 Sdqho
| 06144 06133 0613< 051<4 041;3 041;4 05133 041<3









I 5;61< 5;71< 69816 63714 4<61: 4;816 4::1: 4;616
U5 31;9 31;: 31;9 31;: 3195 3194 3194 3196
Q1 Rev1 <9 <9 <9 <9 <7 <7 <6 <9
w vwdwlvwlfv lq sduhqwkhvhv1 - Ghqrwhv d sdudphwhu zklfk lv vwdwlvwlfdoo| vljql￿fdqw dw 8(1
Wdeoh ;= Hfrqrplf Lpsdfw ri Lqhtxdolw|1
J43 J53 J63 +4<63093, J63 +4<730:3,
T6 3147 3193 3146 313<
T6.T7 3153 31<4 3153 3145
T4@T8 3177 31;9 3159 3146
Jlql 03155 0317: 03147 03137
Shurwwl/ 4<<9,1
Lw kdv douhdg| ehhq dujxhg wkdw wkh srrohg gdwd0vhw kdv pdq| dgydqwdjhv ryhu wkh vlpsoh furvv0
vhfwlrq vdpsoh1 Xqiruwxqdwho|/ lw lv qrw srvvleoh wr xvh wkh srrohg gdwd0vhw iru wkh vhqvlwlylw|
dqdo|vlv dqg iru wkh vwuxfwxudo hvwlpdwlrqv1 Lw lv wkhq lqwhuhvwlqj wr orrn dw wkh furvv vhfwlrq uhvxowv
iru glhuhqw jurzwk shulrgv1 Wklv lv grqh e| hvwlpdwlqj wkh iroorzlqj uhjuhvvlrq=
JURZWK l @  . \l . GLVWUl . [l . %l= +5,
Dv lq wkh srrohg uhjuhvvlrq fdvh/ \ lv lqlwldo lqfrph/ GLVWU d glvwulexwlrq yduldeoh/ [ lv d yhfwru ri
uhjlrqdo gxpplhv/ dqg JURZWK lv wkh dyhudjh jurzwk udwh ryhu wzhqw| dqg wkluw|0|hdu shulrgv1
Doo wkh uljkw0kdqg0vlgh yduldeohv duh phdvxuhg dw wkh ehjlqqlqj ri wkh jurzwk shulrg1 Wdeoh < uhsruwv
wkh frh!flhqw hvwlpdwhv dwwdfkhg wr wkh glvwulexwlrq yduldeohv iru glhuhqw jurzwk shulrgv dqg
vwduwlqj srlqwv +Wdeoh < vxppdul}hv wkh uhvxowv ri 8; uhjuhvvlrqv e| uhsruwlqj rqo| wkh uhjuhvvlrqv*
U5 dqg wkh frh!flhqwv dqg w vwdwlvwlfv iru wkh lqhtxdolw| yduldeohv,1
Dowkrxjk wkh uhvxowv duh qrw dv vwurqj dv wkrvh ri wkh srrohg prgho/ wkh furvv0vhfwlrq dqdo|vlv vwloo
vxssruwv wkh suhvhqfh ri d qhjdwlyh uhodwlrqvkls ehwzhhq jurzwk dqg lqhtxdolw|1 Wkh lqfrph vkduh
ri wkh wklug txlqwloh kdv riwhq d vljqlfdqw srvlwlyh frh!flhqw zkhq xvhg dv h{sodqdwru| yduldeoh
iru jurzwk ryhu d wzhqw|0|hdu shulrg dqg lq wkuhh ghfdghv lv uhodwhg wr jurzwk ryhu d wkluw|0|hdu
shulrg1 Dqrwkhu yduldeoh wkdw lv vwurqjo| fruuhodwhg zlwk jurzwk lv wkh lqfrph vkduh ri wkh wklug
dqg irxuwk txlqwlohv1 Wkh uhvxowv duh/ krzhyhu/ pl{hg iru wkh rwkhu phdvxuhv ri lqfrph glvwulexwlrq1
Lq prvw fdvhv/ wkh| kdyh wkh uljkw vljq/ exw wkh| duh riwhq lqvljqlfdqw/ hvshfldoo| zkhq xvhg wr
h{sodlq jurzwk ryhu d shulrg ri wkluw| |hduv1
Qrqh ri wkh yduldeohv frqwulexwhv wr h{sodlqlqj jurzwk zkhq wkh vwduwlqj srlqw lv hlwkhu 4<53
ru 4<831 Wkh prvw sodxvleoh h{sodqdwlrq iru wkh 4<53*v uhvxow lv wkdw wkh juhdw ghsuhvvlrq dhfwhg
glhuhqw vwdwhv lq glhuhqw zd|v/ dqg wklv suredeo| h{sodlqv prvw ri wkh jurzwk sdwwhuq iru wkh
4<5304<73 shulrg146 Wklv zrxog dovr h{sodlq wkh yhu| orz ydoxhv ri  U5 wkdw fkdudfwhul}h wkh 4<53073
uhjuhvvlrqv1 Dqrwkhu srvvleoh h{sodqdwlrq lv olqnhg wr wkh srru txdolw| ri wkh gdwd iru 4<53/ zkhq
rqo| d vpdoo iudfwlrq ri wkh XV srsxodwlrq zdv uhtxluhg wr oo rxw d wd{ uhsruw1 Wkh 4<83 uhvxowv duh
pruh sx}}olqj> doo wkh frh!flhqwv dwwdfkhg wr wkh lqfrph glvwulexwlrq yduldeohv kdyh wkh uljkw vljq/
exw qrqh ri wkhp lv vwdwlvwlfdoo| vljqlfdqw1 D srvvleoh h{sodqdwlrq iru wkh 4<83 hvwlpdwhv frxog eh
wkh srvw Zruog Zdu LL vwuxfwxudo dgmxvwphqw1
46Iru wkh shulrg 4<5304<73/ L ￿qg d srvlwlyh/ exw qrw vwdwlvwlfdoo| vljql￿fdqw/ uhodwlrqvkls ehwzhhq jurzwk dqg
lqhtxdolw|1 Iru wklv shulrg/ hyhq wkh frh!flhqw dwwdfkhg wr lqlwldo lqfrph +d yduldeoh wkdw lv xvxdoo| kljko| fruuhodwhg
wr vxevhtxhqw jurzwk, lv qrw vwdwlvwlfdoo| vljql￿fdqw1
46Wdeoh <= Furvv vhfwlrq uhvxowv
J4<53073 J4<63083 J4<73093 J4<830:3 J4<930;3 J4<:30<3 J4<;30<8
T6 03133344 3174 3146 3137; 3137; 313< 315;
+031;:, +71:,￿￿￿ +5139,￿￿ +4155, +51:3,￿￿￿ +5157,￿￿ +613;,￿￿￿
￿ U5 314 31;9 31:8 31:< 31; 318: 3177
T6.T7 0313339 314< 3136 31357 31366 313: 3138
+031<:, +7176,￿￿￿ +31:<, +4137, +61:9,￿￿￿ +5178,￿￿￿ +4156,
￿ U5 3145 31;9 31:6 31:< 31;6 318; 316:
T42T8 0314; 4:1<; 03168 718< 81;5 051<: 4:179
+0317<, +614:,
￿￿￿ +03145, +31;<, +51<:,
￿￿￿ +316<, +6148,
￿￿￿
￿ U5 314 31;6 31:6 31:; 31;4 318 317;
Jlql 3133< 0;19 4154 031<8 03189 51;9 0;14<
+0316, +0519:,￿￿￿ +319<, +0319;, +0318<, +31<:, +05174,￿￿
￿ U5 314 31;5 31:6 31:; 31:: 3187 3176
J4<53083 J4<63093 J4<730:3 J4<830;3 J4<930<3 J4<:30<8
T6 3133367 3148 313;9 31339 31358 31399
+0318;, +613:,￿￿￿ +5144,￿￿ +314<, +4178, +41<7,￿
￿ U5 319: 31;< 31;4 31;5 3194 318<
T6.T7 313333< 313: 3136 31339 31354 31384
+03165, +51::,￿￿￿ +414<, +3167, +5178,￿￿￿ +513<,￿￿
￿ U5 319: 31;< 31:< 31;5 3199 318<
T42T8 31337 713; 318: 71<< 6154 05165
+0315;, +4166, +315;, +4156, +419:, +316:,
￿ U5 319: 31;: 31:< 31;6 3197 3186
Jlql 031338 05196 315; 0316; 031;; 5139
+03168, +0418:, +3157, +3167, +04135, +31;9,
￿ U5 319: 31;: 31:< 31;5 3196 318:
w vwdwlvwlfv lq sduhqwkhvhv1 - Ghqrwhv d sdudphwhu zklfk lv vwdwlvwlfdoo| vljql￿fdqw dw 8(/ -- dw 518(/ dqg --- dw 4(1
Lw lv idlu wr frqfoxgh wkdw/ hyhq zlwk wkh fdyhdwv phqwlrqhg deryh/ erwk wkh sdqho dqg furvv0
vhfwlrq dqdo|vhv vxssruw wkh suhvhqfh ri d qhjdwlyh olqn ehwzhhq lqfrph lqhtxdolw| dqg hfrqrplf
jurzwk1
815 Vhqvlwlylw| Dqdo|vlv
Wkh uhvxowv ri wkh suhylrxv vhfwlrq vhhp wrr jrrg wr eh wuxh1 Wkh frh!flhqwv dwwdfkhg wr wkh lqfrph
glvwulexwlrq lqglfhv kdyh ydoxhv forvh wr wkrvh irxqg lq furvv0frxqwu| vwxglhv> wkhlu w vwdwlvwlfv duh
kljk/ dqg wkh h{sodqdwru| srzhu ri wkh ydulrxv uhjuhvvlrqv lv odujh1 Wkhuh duh pdq| uhdvrqv iru
h{shfwlqj lqfrph glvwulexwlrq wr kdyh d pxfk vpdoohu hhfw rq jurzwk lq wkh furvv0vwdwh vdpsoh
dv rssrvhg wr wkh furvv0frxqwu| vdpsoh147 Zkhq rqh ghdov zlwk furvv0vhfwlrq gdwd wkhuh lv dozd|v
wkh vxvslflrq wkdw wkh uhvxowv pd| eh gulyhq e| wkh suhvhqfh ri ihz rxwo|lqj revhuydwlrqv ru pd|
eh glvwruwhg e| wkh h{foxvlrq ri uhohydqw yduldeohv1 Wklv vhfwlrq h{soruhv krz fruuhfwlqj iru wkhvh
sureohpv zrxog dhfw wkh uhvxowv suhvhqwhg lq Wdeohv 9 dqg :1
Wkh uroh ri rxwolhuv lv dqdo|}hg e| xvlqj d urexvw hvwlpdwlrq phwkrg1 Wkh urexvw hvwlpdwru xvhg
lq wklv sdshu vwduwv e| uxqqlqj ROV/ frpsxwhv Frrnv*v G dqg h{foxghv doo wkh revhuydwlrqv iru zklfk
GA41 Dqrwkhu uhjuhvvlrq lv wkhq shuiruphg/ dqg wkh uhvlgxdov duh xvhg wr fdofxodwh Zklwh*v zhljkwv
zklfk duh xvhg lq d wklug uhjuhvvlrq1 Wkh surjudp vwrsv zkhq wkh pd{lpxp fkdqjh lq zhljkwv gursv
ehorz 31341 Dw wklv srlqw/ wkh surjudp vwduwv xvlqj Ehdwrq dqg Wxnh|*v elzhljkwv xqwlo frqyhujhqfh1
Wkh uhvxowv ri wkh urexvw hvwlpdwlrqv duh suhvhqwhg lq Wdeoh 43 +wklv wdeoh vxppdul}hv wkh uhvxowv
ri 45 uhjuhvvlrqv e| uhsruwlqj rqo| wkh frh!flhqwv dqg w vwdwlvwlfv iru wkh lqhtxdolw| yduldeohv,1 Lw lv
lqwhuhvwlqj wr qrwh wkdw wkh urexvw uhjuhvvlrq uhvxowv iru whq0|hdu jurzwk hslvrghv duh doprvw lghqwlfdo
wr wkh rqhv iru wkh vwdqgdug {hg hhfw hvwlpdwhv1 Zkhq wzhqw| dqg wkluw|0|hdu jurzwk hslvrghv duh
frqvlghuhg wkh urexvw uhjuhvvlrqv |lhog orzhu frh!flhqwv dqg w vwdwlvwlfv vxjjhvwlqj wkh suhvhqfh ri
vrph lpsruwdqw rxwo|lqj revhuydwlrqv1 Hyhq zlwk wkhvh fdyhdwv wkh frh!flhqwv uhpdlq kljk dqg riwhq
vwdwlvwlfdoo| vljqlfdqw/ vxjjhvwlqj wkh suhvhqfh ri d urexvw qhjdwlyh fruuhodwlrq ehwzhhq lqhtxdolw|
dqg jurzwk1
Wkh uhjuhvvlrqv udq vr idu frqup wkh suhvhqfh ri d uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk1
Vlqfh wkhlu vshflfdwlrqv duh yhu| sduvlprqlrxv lw lv srvvleoh wkdw wkh frh!flhqwv dwwdfkhg wr wkh
47Vrph ri wkhvh uhdvrqv duh= wkh kljk prelolw| ri wkh idfwruv ri surgxfwlrq> wkh uroh ri wkh ihghudo jryhuqphqw> dqg
wkh suhvhqfh ri vrph irup ri ￿vfdo ihghudolvp1
47Wdeoh 43= Sdqho Urexvw Uhjuhvvlrq1
J43 J53 J63
T6 313< 314: 3139
+5156,- +6154,- +41:,
T6.T7 3138 3145 3137
+514;,- +61:4,- +41:7,
T4@T8 ;1;3 53158 :1:3
+713<,- +:1:3, +6194,-
Jlql 03137 0313; 03136
+0519;,- +07176,- +05158,-
w vwdwlvwlfv lq sduhqwkhvhv1 - Ghqrwhv d sdudphwhu zklfk lv vwdwlvwlfdoo| vljql￿fdqw dw 8(1
lqfrph glvwulexwlrq lqglfhv uh hfw wkh hhfwv ri rwkhu yduldeohv fruuhodwhg zlwk erwk lqfrph glvwul0
exwlrq dqg jurzwk1 Wr whvw iru wklv srvvlelolw|/ Htxdwlrq +4, lv dxjphqwhg zlwk d vhw ri uhjuhvvruv
wkdw duh olnho| wr eh fruuhodwhg zlwk lqfrph glvwulexwlrq=
JURZWK +w> w.q,>l@ 3 . 4\w> l . 5GLVWUw> l . 6[l . 7FROOw> l .
.8KLJKw> l . 9PHWUw> l . :ROGw> l . %w> l +6,
Vrph ri wkh yduldeohv lqfoxghg lq Htxdwlrq +6, duh/ dffruglqj wr wkh wkhrulhv vxuyh|hg lq wkh lq0
wurgxfwlrq/ hqgrjhqrxv dqg zloo eh wuhdwhg lq d pruh h{whqvlyh zd| lq wkh vhfwlrq wkdw ghdov zlwk
wkh vwuxfwxudo hvwlpdwlrqv1 Dv dujxhg lq Shurwwl +4<<9,/ lw lv yhu| lpsruwdqw wr glvwlqjxlvk ehwzhhq
vwrfnv dqg  rzv ri kxpdq fdslwdo1 KLJK dqg FROO duh wkh shufhqwdjh ri dgxowv zlwk kljk vfkrro
dqg froohjh ghjuhh uhvshfwlyho|> wkhvh yduldeohv vkrxog eh d jrrg sur{| iru wkh vwrfn ri kxpdq
fdslwdo148
Shurwwl +4<<9, srlqwv rxw wkdw wkh uhjuhvvlrqv vkrxog eh dxjphqwhg zlwk d phdvxuh ri xuedql}d0
wlrq ehfdxvh xuedq duhdv duh olnho| wr kdyh kljkhu ohyhov ri erwk lqhtxdolw| dqg lqfrph1 Lq Htxdwlrq
+6,/ PHWU phdvxuhv wkh iudfwlrq ri wkh srsxodwlrq wkdw olyhv lq phwursrolwdq duhdv1
ROG lv d ghprjudsklf yduldeoh wkdw phdvxuhv wkh shufhqwdjh ri wkh srsxodwlrq deryh 98 |hduv
ri djh1 Vlqfh uhwluhg shrsoh kdyh orzhu ohyhov ri erwk lqfrph dqg lqhtxdolw|/ wklv yduldeoh lv olnho| wr
eh fruuhodwhg zlwk erwk jurzwk dqg lqhtxdolw|1 Ixuwkhupruh/ d kljkhu qxpehu ri uhwluhg shrsoh lv
olnho| wr eh srvlwlyho| olqnhg wr vrfldo vhfxulw| h{shqglwxuh1
Iru prvw yduldeohv gdwd iru shulrgv ehiruh 4<93 duh qrw dydlodeoh1 Lw lv wkhuhiruh lpsrvvleoh wr
xvh sdqho uhjuhvvlrq zlwkrxw xvlqj ryhuodsslqj jurzwk shulrgv1 Wr dyrlg vhuldo fruuhodwlrq/ L rqo|
uxq vlpsoh furvv0vhfwlrq uhjuhvvlrqv xvlqj wzhqw|0|hdu jurzwk hslvrghv vwduwlqj lq 4<93 dqg 4<:3149
Wkh uhvxowv ri wkh vhqvlwlylw| dqdo|vlv duh uhsruwhg lq Wdeoh 441 Wkh qhjdwlyh uhodwlrqvkls ehwzhhq
lqhtxdolw| dqg jurzwk lv urexvw zkhq wkh ghshqghqw yduldeoh lv jurzwk vwduwlqj lq 4<:3/ exw rxwolhuv
vhhp wr sod| d yhu| lpsruwdqw uroh zkhq jurzwk vwduwlqj lq 4<93 lv dqdo|}hg1 Wkh uhvxowv ri Wdeoh
44 duh qrw urexvw wr wkh xvh ri glhuhqw phdvxuhv ri lqfrph glvwulexwlrq1 Wdeoh 45 vxppdul}hv wkh
frh!flhqwv dwwdfkhg wr wkh lqfrph glvwulexwlrq yduldeohv zkhq lqhtxdolw| lv phdvxuhg e| T6.T7/
T4@T8/ dqg JLQL1 Dv vxjjhvwhg e| Wdeoh </ JLQL grhv qrw hqwhu lq d vljqlfdqw zd| lq wkh
jurzwk uhjuhvvlrq1 Wkh ehkdylru ri T4@T8 lv wkh rssrvlwh ri wkh ehkdylru ri T6 dqg T6.T71L q
idfw/ T4@T8 kdv dq lpsruwdqw uroh lq h{sodlqlqj jurzwk vwduwlqj lq 4<93/ exw lwv w vwdwlvwlfv gurs
qrwlfhdeo| zkhq jurzwk shulrgv vwduwlqj lq 4<:3 duh xvhg1
Wdeoh 44 vkrzv wkdw wkh vwrfn ri kxpdq fdslwdo +phdvxuhg dv wkh shufhqwdjh ri froohjh judgxdwhv,
lv srvlwlyho| fruuhodwhg zlwk jurzwk lq wkh 4<:3 uhjuhvvlrq zkloh wkh ohyho ri xuedql}dwlrq dqg wkh
djh vwuxfwxuh ri wkh srsxodwlrq gr qrw dhfw jurzwk1
816 Uhgxfhg Irup Hvwlpdwlrqv= Frqfoxvlrqv
Wkh uvw wdvn ri wklv sdshu zdv wr whvw wkh urexvwqhvv ri wkh qhjdwlyh uhodwlrqvkls ehwzhhq lqhtxdolw|
dqg jurzwk irxqg lq furvv0frxqwu| vwxglhv1 Wkh uhgxfhg irup hvwlpdwhv vwurqjo| vxssruw vxfk d
uhodwlrqvkls1 Wkh qglqj wkdw wkh lqfrph vkduh ri wkh wklug txlqwloh lv srvlwlyho| fruuhodwhg zlwk
48Lq wkh vwuxfwxudo hvwlpdwlrqv L zloo xvh froohjh hquroophqw dv d sur{| iru lqyhvwphqw lq kxpdq fdslwdo1
49Wkluw|0|hdu jurzwk hslvrghv duh qrw vwxglhg ehfdxvh Wdeoh < vkrzv wkdw wkhuh lv qrw d urexvw fruuhodwlrq ehwzhhq
lqfrph glvwulexwlrq dqg jurzwk ryhu wkluw|0|hdu shulrgv1
48Wdeoh 44= Vhqvlwlylw| dqdo|vlv
4<93 4<:3
ROV Urexvw Uhj1 ROV Urexvw Uhj1
\ 03133365 0313335; 03133337 03133339
+0;1478,--- +0<13;,--- +0319;7, +031<5<,
T6 31379 31337 3144< 3145
+517;9,--- +31635, +51;55,--- +519:4,---
Vrxwk 3174< 317:6 031934 0318;9
+61684,--- +71;56,--- +061:8:,--- +061768,---
Plgzhvw 31535 314<6 03197; 0318;8
+41<38,- +5174;,-- +0814<5,--- +07165;,---
Zhvw 31539 31489 041435 041366
+41;74,- +41;78,- +0:1993,--- +091:56,---
FROO1 31348 3133; 3143: 31458
+31799, +31663, +61<3:,--- +61:98,---
KLJK 31339 3134 031385 031396
+31977, +41584, +071376,--- +061;:3,---
PHWU1 33 31334 31335
+031389, +31655, +3166<, +31894,
ROG 31337 03134 03133; 31357
+31:64, +031963, +0417<5, +31<8<,
FRQVW1 616;7 61;3; 4 31;99
+:1883,--- +<1;;3,--- +41438, +31;;;,
￿ U5 31;6 31:4
I 53 66135 46136 43144
Q1 Rev 7; 7: 79 78
w vwdwlvwlfv lq sduhqwkhvhv1 - Ghqrwhv d sdudphwhu zklfk lv vwdwlvwlfdoo| vljql￿fdqw dw 8(/ -- dw 518(/ dqg --- dw 4(1
Wdeoh 45= Vhqvlwlylw| dqdo|vlv= Dowhuqdwlyh phdvxuhv ri lqfrph glvwulexwlrq1
4<93 4<:3
ROV Urexvw Uhj1 ROV Urexvw Uhj1
T6.T7 3167 3143; 319; 3196
+61;4,--- +4185, +517;,--- +513::,--
￿ U5 31;5 319<
T42T8 <1;6 71:9 ;14: 461;
+61::,--- +5158<,-- +4138;, +41979,
￿ U5 31;5 3196
Jlql 0319<9 0317<9 415 31<8:
+031:35, +031:56, +3176, +3167,
￿ U5 31:< 319
w vwdwlvwlfv lq sduhqwkhvhv1 - Ghqrwhv d sdudphwhu zklfk lv vwdwlvwlfdoo| vljql￿fdqw dw 8(/ -- dw 518(/ dqg --- dw 4(1
49vxevhtxhqw jurzwk kdv suryhq wr eh yhu| urexvw wr d zlgh ydulhw| ri vshflfdwlrqv ri wkh prgho dqg
whvwlqj phwkrgv1 Wkh uhvxow duh pruh pl{hg zkhq rwkhu lqglfhv ri lqhtxdolw| duh xvhg14:
Zkhq wklv sdshu zdv ruljlqdoo| zulwwhq/ wkh vhfwlrq rq uhgxfhg irup hvwlpdwlrqv zdv rqo| phdqw
wr surylgh d urexvwqhvv whvw iru wkh furvv0frxqwu| qglqjv ri d qhjdwlyh olqn ehwzhhq lqhtxdolw|
dqg jurzwk1 Fkhfnlqj iru wkh wuxh gluhfwlrq ri wkh olqn ehwzhhq wkhvh wzr yduldeohv ehfdph pruh
lpsruwdqw diwhu Sduwulgjh +4<<:,/ Iruehv +4<<:, dqg Ol dqg ]rx +4<<:, irxqg d srvlwlyh fruuhodwlrq
ehwzhhq lqhtxdolw| dqg phglxp0whup jurzwk1 Wklv sdshu vkrzv wkdw uhjlrqdo gdwd vwurqjo| vxssruw
wkh suhylrxv qglqj ri d qhjdwlyh olqn ehwzhhq lqhtxdolw| dqg orqj0uxq jurzwk1 Wkhvh uhvxowv duh ri
vrph lpsruwdqfh ehfdxvh wkh gdwd0vhw xvhg lq wklv sdshu lv eurdghu dqg lv ohvv olnho| wr eh dhfwhg
e| phdvxuhphqw huuruv wkdq wkh gdwd0vhw xvhg lq furvv0frxqwu| uhjuhvvlrqv1 Ixuwkhupruh/ ghdolqj
zlwk vlplodu hfrqrplhv doorzv wr lpsolflwo| frqwuro iru d odujh vhw ri yduldeohv wkdw fdqqrw eh lqfoxghg
lq vwdqgdug furvv0frxqwu| uhjuhvvlrqv1
Wkh qh{w vhfwlrq pryhv wr wkh vhfrqg wdvn ri wklv sdshu= wkh whvw ri wkh vwuxfwxudo uhodwlrqvkls
ghvfulehg e| wkh prghov wkdw vwxg| d vfdo fkdqqho olqnlqj lqhtxdolw| wr jurzwk1
9 Vwuxfwxudo Irup Hvwlpdwhv
Wr wkh ehvw ri p| nqrzohgjh/ Shurwwl +4<<9, lv wkh rqo| dwwhpsw wr lqyhvwljdwh wkh vwuxfwxudo uhod0
wlrqvkls ehwzhhq lqfrph glvwulexwlrq dqg jurzwk1 Kh lghqwlhv irxu fkdqqhov wkurxjk zklfk lqfrph
glvwulexwlrq fdq dhfw jurzwk= +l, vfdo srolf|> +ll, lpshuihfw fdslwdo pdunhwv> +lll, vrflr0srolwlfdo
lqvwdelolw|> dqg +ly, hqgrjhqrxv ihuwlolw|1 Doo irxu fkdqqhov duh fkdudfwhul}hg e| wkh vdph uhgxfhg
irup= jurzwk lv qhjdwlyho| dhfwhg e| lqhtxdolw|14; Shurwwl +4<<9, srlqwv rxw wkdw wkh irxu fkdqqhov
duh qrw pxwxdoo| h{foxvlyh dqg wkhuhiruh rqh vkrxog hvwlpdwh wkhp wrjhwkhu dqg dqdo|}h wkhlu lqwhu0
dfwlrqv1 Wklv wdvn zrxog uhtxluh wkh hvwlpdwlrq ri d odujh v|vwhp ri htxdwlrqv1 Wklv lv lpsrvvleoh
wr gr zlwk wkh vpdoo vdpsoh ri Dphulfdq vwdwhv xvhg lq wklv sdshu1 Ixuwkhupruh/ vlqfh doo wkh vwdwhv
kdyh vlplodu srolwlfdo lqvwlwxwlrqv/ lw zrxog eh lpsrvvleoh wr whvw iru wkh vrflr0srolwlfdo fkdqqho xvlqj
XV gdwd1
Rq wkh edvhv ri wkhvh frqvlghudwlrqv/ wklv vhfwlrq lv pdlqo| ghyrwhg wr whvw iru wkh suhvhqfh ri
d vfdo fkdqqho1 Dq dwwhpsw wr phdvxuh wkh uhodwlrqvkls dprqj lqfrph glvwulexwlrq/ ihuwlolw|/ dqg
hgxfdwlrq lv dovr pdgh1
914 Wkh Ilvfdo Srolf| Fkdqqho
Wkh vfdo srolf| dssurdfk frqvlvwv ri d srolwlfdo dqg dq hfrqrplf phfkdqlvp1 Wkh iruphu ghwhuplqhv
wkh hfrqrp|*v wd{ udwh dqg wkh ohyho ri uhglvwulexwlrq/ wkh odwwhu dqdo|}hv wkh hhfw ri wd{dwlrq dqg
uhglvwulexwlrq rq jurzwk1 Dv phqwlrqhg lq Vhfwlrq 5/ wkh vfdo srolf| dssurdfk fdq eh glylghg
lqwr wzr vxe0jurxsv1 Lq wkh prghov wkdw ehorqj wr wkh uvw jurxs +Ehuwrod 4<<6/ Shurwwl 4<<6/
Dohvlqd dqg Urguln 4<<7/ dqg Shuvvrq dqg Wdehoolql/ 4<<7, lqhtxdolw| lv srvlwlyho| fruuhodwhg zlwk
glvwruwlrqdu| uhglvwulexwlrq wkdw/ lq wxuq/ kdv d qhjdwlyh hhfw rq jurzwk1 Lq wkh vhfrqg jurxs ri
prghov +Eìqderx/ 4<<9d/ 4<<9e/ Erxujxljqrq dqg Yhuglhu/ 4<<9,/ wkh phfkdqlvp lv wkh rssrvlwh=
lqhtxdolw| lv qhjdwlyho| fruuhodwhg zlwk jurzwk0hqkdqflqj uhglvwulexwlrq1 Wkh uhgxfhg irupv ri wkh
wzr jurxsv ri prghov duh wkh vdph/ exw wkh vwuxfwxuhv duh wkh rssrvlwh1
Wr lqyhvwljdwh wkh vwuxfwxudo uhodwlrqvkls ehwzhhq lqfrph glvwulexwlrq dqg jurzwk L vwduw e|
hvwlpdwlqj wkh iroorzlqj prgho=
JURZWK :3￿<3l @  . \:3l . GLVWU:3l . ILVF:3￿;3l . [l . %l> +7,
ILVF :3￿;3l @ 3 . 4\:3l . 5GLVWU:3l . 6YR WH :3l . 7PHWU:3l . l= +8,
4:Hvshfldoo| wkh Jlql lqgh{ wkdw/ xqghu vrph vshfl￿fdwlrqv/ orvhv lwv h{sodqdwru| srzhu1
4;Rqh h{fhswlrq lv Vdlqw0Sdxo dqg Yhuglhu +4<<6,1 Vrphwlphv wkh wkhruhwlfdo prghov suhglfw qrq0olqhdulwlhv lq
wkh uhodwlrqvkls ehwzhhq jurzwk dqg lqhtxdolw|1 Shurwwl +4<<6,/ iru lqvwdqfh/ frqfoxghv wkdw lq yhu| srru vrflhwlhv
lqhtxdolw| pljkw eh jurzwk hqkdqflqj1 Wklv lv qrw d vhulrxv sureohp iru wkh dqdo|vlv ri wkh XV1
4:Htxdwlrq +7, lv rewdlqhg e| dxjphqwlqj Htxdwlrq +5, zlwk d vfdo srolf| yduldeoh1 Wkh nh|
dvvxpswlrq lq wkh deryh v|vwhp lv wkdw wkhuh lv qr ihhg0edfn iurp jurzwk wr vfdo srolf|1 Wkh
v|vwhp lv wkhuhiruh uhfxuvlyh dqg fdq eh hvwlpdwhg zlwk ROV1 Lq Htxdwlrq +7,/ vfdo yduldeohv
phdvxuhg lq wkh ghfdgh vwduwlqj lq 4<:3 +h{fhsw iru wkh lqglfhv ri wd{ surjuhvvlylw| wkdw uhihu wr
4<::, duh xvhg wr h{sodlq jurzwk ryhu wkh shulrg 4<:304<<3 +sdqho gdwd duh qrw dydlodeoh iru wkh
vfdo srolf| yduldeohv,1
Htxdwlrq +8, lqfoxghv wkh lqlwldo ohyho ri lqfrph wr fdswxuh wkh lghd wkdw ulfkhu vwdwhv fdq drug
wr vshqg dqg uhglvwulexwh d kljkhu vkduh ri wkhlu lqfrph +Zdjqhu*v Odz,1 YR WHphdvxuhv srolwlfdo
sduwlflsdwlrq> wklv yduldeoh lv lqfoxghg ehfdxvh uhglvwulexwlrq vkrxog eh srvlwlyho| fruuhodwhg zlwk
srolwlfdo sduwlflsdwlrq +Eìqderx/ 4<<9d/ 4<<9e/ Erxujxljqrq dqg Yhuglhu/ 4<<9,1 PHWU lv wkh
shufhqwdjh ri wkh srsxodwlrq olylqj lq phwursrolwdq duhdv1 Wklv yduldeoh lv lqfoxghg ehfdxvh wkh
uhvlghqwv ri xuedq duhdv duh riwhq pruh srolwlfdoo| dfwlyh wkdq uhvlghqwv ri uxudo duhdv1 Zkhq wkh
ghshqghqw yduldeoh lv h{shqglwxuh rq hgxfdwlrq dqg khdowk/ d ghprjudsklf yduldeoh +DJH,l vd g g h g
wr wkh uhjuhvvlrq14< Zkhq lw lv surshuw| wd{hv/ d yduldeoh wkdw phdvxuhv krph rzqhuvkls +RZQ,l v
lqfoxghg1
Rqh ri wkh prvw gl!fxow wdvn lq whvwlqj Htxdwlrqv +7, dqg +8, lv wkh lghqwlfdwlrq ri wkh ds0
sursuldwh vfdo srolf| yduldeohv1 D whvw ri wkh uvw jurxs ri prghov uhtxluhv w|shv ri h{shqglwxuh
ru wd{dwlrq wkdw duh h{solflwo| uhglvwulexwlyh/ zkloh wkh vhfrqg jurxs ri prgho uhtxluhv wkh xvh ri
surgxfwlyh jryhuqphqw h{shqglwxuhv1 Wklv sdshu xvhv wkh iroorzlqj yduldeohv= +l, irxu phdvxuhv ri
vwdwh h{shqglwxuh +wrwdo vwdwh fxuuhqw h{shqglwxuh/ vwdwh h{shqglwxuh rq hgxfdwlrq/ vwdwh h{shqgl0
wxuh rq zhoiduh sd|phqwv/ dqg vwdwh h{shqglwxuh rq khdowk fduh vhuylfhv,> +ll, wkuhh phdvxuhv ri
wd{dwlrq +wrwdo vwdwh wd{hv/ vwdwh lqfrph wd{hv/ dqg vwdwh surshuw| wd{hv,> dqg +lll, wzr lqglfhv ri
wd{ surjuhvvlylw| +wkh Ndnzdql dqg wkh Vxlwv lqglfhv,153
Vlqfh prvw uhvhdufkhuv kdyh irxqg wkdw doo vwdwhv kdyh uhjuhvvlyh wd{ vwuxfwxuhv +Nlhihu/ 4<<4,/
wkh lqglfhv ri wd{ surjuhvvlylw| duh sduwlfxoduo| xvhixo1 Zlwk d uhjuhvvlyh wd{ v|vwhp/ wkh uhodwlrqvkls
ehwzhhq wrwdo wd{dwlrq dqg lqhtxdolw| lv qr orqjhu fohdu/ exw lw vkrxog vwloo eh wuxh wkdw vwdwhv zlwk
kljk ohyhov ri lqfrph lqhtxdolw| vkrxog kdyh ohvv uhjuhvvlyh wd{ v|vwhpv1 Wkhuhiruh wkh glvfxvvlrq
zloo frqfhqwudwh rq wkh uhvxowv rewdlqhg xvlqj wkh lqglfhv ri wd{ surjuhvvlylw|1 Uhvxowv iru wkh rwkhu
vfdo srolf| yduldeohv zloo dovr eh suhvhqwhg1
Wdeoh 46 uhsruwv wkh vxppdu| vwdwlvwlfv iru wkh ydulrxv phdvxuhv ri vwdwh h{shqglwxuhv dqg vwdwh
wd{dwlrq +doo wkh ydoxhv duh dyhudjhg ryhu wkh ghfdgh vwduwlqj lq 4<:3,1 Wkhuh duh odujh lqwhu0
vwdwhv glhuhqfhv lq wkh ohyhov ri wd{ surjuhvvlylw|/ lqfrph wd{dwlrq/ dqg surshuw| wd{dwlrq154 Rq
wkh h{shqglwxuh vlgh/ wkhuh duh odujh lqwhu0vwdwh glhuhqfhv lq wkh ohyhov ri h{shqglwxuh rq kljkhu
hgxfdwlrq/ khdowk fduh/ dqg zhoiduh1 Dowkrxjk prvw ri wkh vfdo srolf| lqglfdwruv kdyh uhodwlyho|
kljk yduldelolw|/ wkhlu devroxwh ydoxh lv riwhq yhu| orz155 W k x v /w k h |p d |k d y hdy h u |v p d o oh  h f wr q
vwdwh0ohyho jurzwk1
Wkh uhvxowv ri wkh hvwlpdwlrq ri Htxdwlrq +7, duh suhvhqwhg lq Wdeoh 471 Wkh uvw froxpq uhsruwv
wkh frh!flhqw dwwdfkhg wr T6 rewdlqhg e| hvwlpdwlqj Htxdwlrq +5,1 Wkh rwkhu qlqh froxpqv vkrz wkh
frh!flhqwv dwwdfkhg wr erwk T6 dqg wkh ydulrxv vfdo srolf| yduldeohv1 Doo wkh frh!flhqwv dwwdfkhg
wr wkh vfdo srolf| yduldeohv +zlwk wkh h{fhswlrq ri khdowk fduh h{shqglwxuh, kdyh d qhjdwlyh vljq
frqvlvwhqw zlwk wkh prghov wkdw suhglfw d qhjdwlyh uhodwlrqvkls ehwzhhq uhglvwulexwlrq dqg jurzwk1
Wrwdo vwdwh h{shqglwxuh dqg wkh lqglfhv ri wd{ surjuhvvlylw| duh wkh rqo| yduldeohv wkdw kdyh d
vljqlfdqw uroh lq h{sodlqlqj vxevhtxhqw jurzwk1 Wkh wzr phdvxuhv ri wd{ surjuhvvlylw| kdyh kljk w
4<t￿L￿C +shufhqwdjh ri wkh srsxodwlrq ehorz 54 |hduv ri djh, lv xvhg zkhq wkh ￿vfdo yduldeoh lv h{shqglwxuh rq
hgxfdwlrq/ dqg ￿u( +shufhqwdjh ri wkh srsxodwlrq deryh 98 |hduv ri djh, lv xvhg/ zkhq wkh ￿vfdo yduldeoh lv khdowk
h{shqglwxuh1
53Wkhvh lqglfhv zhuh frpsxwhg e| Nlhihu +4<<4, xvlqj wkh 4<:: gdwd0vhw sxw wrjhwkhu e| Skduhv +4<;3,1 Wkh wzr
lqglfhv duh gh￿qhg dv iroorzv= Ndnzdql lqgh{ g ’ ￿| 3 CK/ zkhuh ￿| lv wkh wd{ frqfhqwudwlrq lqgh{ +frpsxwhg dv
d uhjxodu Jlql lqgh{ zlwk wkh glvwulexwlrq ri wd{hv uhsodflqj wkh glvwulexwlrq ri lqfrph, dqg CK lv wkh/ suh0wd{/ Jlql
lqgh{1 Wkh Vxlwv lqgh{ lv frpsxwhg dv d Jlql lqgh{ zlwk wkh glvwulexwlrq ri wd{hv uhsodflqj wkh glvwulexwlrq ri lqfrph
dqg wkh glvwulexwlrq ri lqfrph uhsodflqj wkh glvwulexwlrq ri wkh srsxodwlrq1
54Qhz Kdpsvkluh lv wkh vwdwh zlwk wkh prvw uhjuhvvlyh wd{ v|vwhp dqg Ghodzduh wkh vwdwh zlwk wkh ohdvw uhjuhvvlyh
v|vwhp1 Irxu vwdwhv gr qrw kdyh lqfrph wd{hv/ zkloh lqfrph wd{dwlrq lv pruh wkdq 7( ri Zlvfrqvlq*v shuvrqdo lqfrph1
Surshuw| wd{hv lq Pdvvdfkxvhwwv duh derxw vl{ wlphv kljkhu wkdq surshuw| wd{hv lq Rklr1
55Dyhudjh zhoiduh h{shqglwxuh/ khdowk fduh h{shqglwxuh/ dqg lqfrph wd{dwlrq duh ohvv wkdq 5( ri vwdwh shuvrqdo
lqfrph1 Doo rwkhu yduldeohv/ zlwk wkh h{fhswlrq ri wrwdo vwdwh h{shqglwxuh/ duh ohvv wkdq 43( ri vwdwh shuvrqdo lqfrph1
4;Wdeoh 46= Ilvfdo srolf| yduldeohv= Vxppdu| vwdwlvwlfv1
Yduldeoh Phdq Vwdqg1 Ghy1 ￿@￿ Plq Pd{
Wrw1 H{s1 49518; 551;8 3147 4561:7 LQ 54<1;5 YP
Hgxf1 971:7 4413: 314: 78145 FW <:14; QP
Klj1 Hgxf1 4<1<8 914; 3164 ;1:5 SD 6;16< XW
Zhoi1 53176 91<9 3167 ;1;; D] 691<6 PD
Khdowk 45138 616: 315; :169 QG 571;8 FW
Lqf1 Wd{ 4;188 44196 3196 3133 QH/ W[ 741;4 ZL
ZD/ Z\
Surs1 Wd{ 75158 4813: 3169 451<6 RK :5147 PD
Wrw1 Wd{ <;1:9 45136 3145 :9198 RK 45813; YP
Ndnzdql 0313; 3136 03166 03148 QK 31334 GH
Vxlwv 0313: 3136 0316; 03147 QK 03135 GH
Wkh ydoxhv duh lq 4<:3 grooduv iru ’4333 ri vwdwh shuvrqdo lqfrph1
Wdeoh 47= Ilvfdo srolf| yduldeohv dqg vxevhtxhqw jurzwk
Ilvfdo Srolf| Yduldeoh Xvhg lq wkh Uhjuhvvlrq
W1 H{s1 Hgxf1 Zhoi1 Khdowk L1 Wd{ S1 Wd{ W1 Wd{ Ndnz1 Vxlwv
T6 313<5 31398 313;4 313<4 313<: 313;9 313;; 313; 3137 31386
+5143,-- +418, +41:<,-- +513<,-- +515;,-- +41<;,- +41<9,- +41:<,- +4148, +417:,
ILV1 031379 031374 031338 3134: 031366 031336 031338 0 81:: 0819
+041:<,- +03199, +031;5, +4178, +031<8, +03179, +0414, +061:,--- +061:,---
￿ U5 3189 318< 3189 318: 3189 3189 318: 3189 3198 3198
- Ghqrwhv d sdudphwhu zklfk lv vwdwlvwlfdoo| vljql￿fdqw dw 8(/ -- dw 518(/ dqg --- dw 4(1 Vwdqgdug huuruv duh dgmxvwhg e|
xvlqj Zklwh*v zhljkw1
vwdwlvwlfv/ wkh| duh kljko| vljqlfdqw/ dqg lqfuhdvh wkh h{sodqdwru| srzhu ri wkh uhjuhvvlrq e| doprvw
53 shufhqw1 Lw lv dovr lqwhuhvwlqj wr qrwh wkdw/ zkhq wkh vfdo srolf| yduldeoh kdv d vwdwlvwlfdoo|
vljqlfdqw frh!flhqw/ wkh frh!flhqw dwwdfkhg wr T6 gursv qrwlfhdeo| dqg orvhv lwv h{sodqdwru|
srzhu1
Wkh uhvxowv ri Wdeoh 47 duh lqwhuhvwlqj ehfdxvh suhylrxv vwxglhv +lq sduwlfxodu/ Shurwwl/ 4<<9,
irxqg wkh rssrvlwh= d srvlwlyh fruuhodwlrq ehwzhhq vfdo srolf| yduldeohv dqg vxevhtxhqw jurzwk1
Wkh uhvxowv ri wkh hvwlpdwlrq ri Htxdwlrq +8, duh uhsruwhg lq Wdeoh 481 Lq qlqh rxw ri whq uhjuhv0
vlrqv/ wkh frh!flhqwv dwwdfkhg wr wkh lqfrph glvwulexwlrq yduldeohv kdyh wkh qhjdwlyh vljq suhglfwhg
e| Shuvvrq dqg Wdehoolql +4<<7, dqg Dohvlqd dqg Urguln +4<<7,1 Ilyh ri wklv qlqh uhjuhvvlrqv w
wkh gdwd idluo| zhoo1 Iru wkh uhpdlqlqj irxu uhjuhvvlrqv/ wkh lqghshqghqw yduldeohv h{sodlq ohvv wkdq
8 shufhqw ri wkh yduldelolw| ri wkh vfdo srolf| phdvxuhv1 Djdlq/ wkh uhjuhvvlrqv wkdw lqfoxgh wkh
lqglfhv ri wd{ surjuhvvlylw| duh dprqj wkrvh zlwk wkh ehvw w1 Wkh frh!flhqwv ri T6 duh vwdwlvwlfdoo|
vljqlfdqw zkhq wkh ghshqghqw yduldeohv duh wrwdo vwdwh h{shqglwxuhv/ vwdwh h{shqglwxuhv rq hgxfd0
wlrq/ Ndnzdql lqgh{ ri wd{ surjuhvvlylw|/ dqg Vxlwv lqgh{ ri wd{ surjuhvvlylw|1 Zkhq wkh ghshqghqw
yduldeoh lv surshuw| wd{dwlrq/ T6 lv kljko| vwdwlvwlfdoo| vljqlfdqw/ exw zlwk d srvlwlyh vljq1
Lq wkh yh uhjuhvvlrqv zlwk d ehwwhu w/ wkh frh!flhqwv dwwdfkhg wr wkh yduldeohv wkdw phdvxuh
srolwlfdo sduwlflsdwlrq kdyh wkh h{shfwhg srvlwlyh vljq dqg duh dozd|v vwdwlvwlfdoo| vljqlfdqw1 Wklv
vwurqjo| vxssruwv Eìqderx*v +4<<9d/ 4<<9e, lghd wkdw srolwlfdo sduwlflsdwlrq lv d nh| yduldeoh lq
ghwhuplqlqj uhglvwulexwlrq1
Wkhvh uhvxowv vxssruw erwk wkh srolwlfdo dqg hfrqrplf dvshfwv ri wkh vfdo srolf| dssurdfk1
Wkuhh ri wkh vfdo srolf| yduldeohv duh/ dv suhglfwhg e| wkh srolwlfdo phfkdqlvp/ qhjdwlyho| fruuhodwhg
zlwk wkh lqfrph vkduh ri wkh wklug txlqwloh1 Wkh vdph yduldeohv duh/ dv suhglfwhg e| wkh hfrqrplf
phfkdqlvp/ qhjdwlyho| fruuhodwhg zlwk vxevhtxhqw jurzwk1
Htxdwlrqv +7, dqg +8, dvvxph wkdw wkhuh lv qr ihhgedfn iurp jurzwk wr vfdo srolf| ghflvlrqv1
Wklv dvvxpswlrq lv sduwlfxoduo| vwurqj ehfdxvh wkh vfdo srolf| yduldeohv duh dyhudjhg ryhu d ghfdgh
wkdw ryhuodsv zlwk wkh uvw whq |hduv ri wkh jurzwk shulrg1 Ixuwkhupruh/ wkh wzr lqglfhv ri wd{
surjuhvvlylw| duh frpsxwhg iru 4<::1 Wr frqwuro iru wkh srvvlelolw| ri uhyhuvh fdxvdwlrq/ L xvh wzr0
vwdjh ohdvw vtxduhv wr hvwlpdwh wkh iroorzlqj v|vwhp=
ILVF 4<:3￿;3l @ 3 . 4\:3l . 6GLVWU:3l . 7JURZWK :3￿<3l .
7YRWH :3l . 8PHWU:3l . l +9,
JURZWK 4<:3￿<3l @ 3 . 4\:3l . 5[l . 6ILVF :3￿;3l . %l= +:,
4<Wdeoh 48= Lqfrph glvwulexwlrq dqg vfdo srolf| yduldeohv1
Ghshqghqw yduldeoh1
W1H{s1 Hgxf1 Zhoi1 Khdowk W1 Wd{1 L1 Wd{1 S1 Wd{1 Ndnz1 Vxlwv
\ 031339 03133; 313335 0313334 31334 31334 3133; 7h039 8h039
+04175, +0613,--- +3155, +03144, +3188, +3179, +718,--- +31;8, +31<;,
T6 061<:4 061639 03147; 031:79 04196; 041<85 715;7 03133< 031339
+041:<,- +0516;,-- +0314;, +04158, +04143, +04169, +51;,--- +0517,-- +041<;,-
Yrwh 318:7 3185: 31389 031369 314;< 3146; 316;9 31334 31334
+513:,-- +51;,--- +3198, +031<9, +415:, +31<;, +617,--- +516,-- +5157,--
Phwu1 031477 31458 313< 3133; 03135; 31397 0315<8 0313334 0313335





Frqvw1 58519<4 4781<94 451:79 5:13<6 43<133: 6516<5 0631448 031334 03135;
+918,--- +81:,--- +31<9, +516;,-- +714,--- +41563, +0415:, +03134, +03178,
￿ U5 3149 315< 3137 31379 3 31354 3196 3154 3149
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Ghqrwhv d sdudphwhu zklfk lv vwdwlvwlfdoo| vljql￿fdqw dw 8(/ -- dw 518(/ dqg --- dw 4(1 Vwdqgdug huuruv duh dgmxvwhg e|
xvlqj Zklwh*v zhljkwv1
Wklv prgho lv vlplodu wkh rqh hvwlpdwhg e| Shurwwl +4<<9,1 Wkh rqo| glhuhqfh ehwzhhq Htxdwlrq
+8, dqg Htxdwlrq +9, lv wkdw wkh odwwhu doorzv iru d ihhgedfn iurp jurzwk wr vfdo srolf| ghflvlrqv1
Htxdwlrq +:, whvwv iru wkh hfrqrplf phfkdqlvp> d kljk ydoxh ri wkh vfdo srolf| yduldeoh vkrxog
eh d suhglfwru iru orz jurzwk1 Wklv jurzwk htxdwlrq lv vlplodu wr wkh rqh xvhg lq wkh uhgxfhg irup
uhjuhvvlrqv> wkh rqo| glhuhqfh lv wkh lqfoxvlrq ri d vfdo srolf| yduldeoh lq sodfh ri wkh lqfrph
glvwulexwlrq phdvxuh1 Wkh v|vwhp lv lghqwlhg e| wkh h{foxvlrq ri wkh uhjlrqdo gxpplhv iurp wkh
uvw htxdwlrq dqg wkh h{foxvlrq ri T6/ YR WH/d q gPHWU iurp wkh vhfrqg htxdwlrq1 Wkh uhvxowv
ri wkh 5VOV hvwlpdwlrqv duh uhsruwhg lq Wdeoh 49156
Wkh uhjuhvvlrqv ri Wdeoh 49 doorz xv wr frpsxwh wkh pdjqlwxgh ri wkh vfdo fkdqqho1 Wklv fdq
eh grqh e| pxowlso|lqj wkh frh!flhqw dwwdfkhg wr T6 e| wkh frh!flhqw dwwdfkhg wr wkh vfdo srolf|
yduldeoh1 Iru wkh uhjuhvvlrqv ri froxpqv 4/ 7/ dqg 8/ wklv pdjqlwxgh lv dssur{lpdwho| 313:1 Wklv lv
forvh wr wkh wrwdo hhfw ri lqhtxdolw| rq jurzwk rewdlqhg e| hvwlpdwlqj Htxdwlrq +5, iru wkh 4<:304<<3
shulrg +313<,1
Wkh vwurqjhvw vxssruw iru wkh vfdo fkdqqho frphv iurp wkh odvw wzr froxpqv ri Wdeoh 491 Erwk
wkh Ndnzdql dqg wkh Vxlwv lqglfhv ri wd{ surjuhvvlylw| duh qhjdwlyho| fruuhodwhg zlwk T6 dqg jurzwk1
Wkh Ndnzdql lqgh{ kdv d vljqlfdqw frh!flhqw lq erwk uhjuhvvlrqv1 Lq wkhvh odvw wzr froxpqv/ wkh
hhfw ri srolwlfdo sduwlflsdwlrq glvdsshduv +erwk wkh frh!flhqwv dqg w vwdwlvwlfv duh yhu| forvh wr
}hur,1 Wkh vwurqj ihhgedfn iurp jurzwk wr wkh wzr lqglfhv ri wd{ surjuhvvlylw| mxvwlhv wkh xvh ri
wzr vwdjh ohdvw vtxduhv hvwlpdwlrq1
Erwk phdvxuhv ri vwdwh h{shqglwxuh duh lqyhuvho| fruuhodwhg zlwk wkh lqfrph vkduh ri wkh wklug
txlqwloh/ exw rqo| h{shqglwxuh rq hgxfdwlrq kdv d +pdujlqdoo|, vljqlfdqw w vwdwlvwlf1 Wkh frh!flhqwv
dwwdfkhg wr wkh vkduh ri wkh srsxodwlrq ehorz 54 |hduv ri djh dqg wkh vkduh ri wkh srsxodwlrq olylqj lq
phwursrolwdq duhdv kdyh vljqlfdqw w vwdwlvwlfv zkhq wkh| duh xvhg wr h{sodlq hgxfdwlrq h{shqglwxuh157
YRWHqhyhu sod|v d vljqlfdqw uroh lq h{sodlqlqj vwdwh h{shqglwxuh1 Wrwdo vshqglqj kdv wkh h{shfwhg
qhjdwlyh vljq dqg hqwhuv lq d vljqlfdqw zd| lq wkh jurzwk uhjuhvvlrq/ zkloh h{shqglwxuh rq hgxfdwlrq
kdv d pdujlqdoo| vljqlfdqw w vwdwlvwlf1
Dv lq wkh ROV hvwlpdwlrqv/ wkh htxdwlrq iru surshuw| wd{dwlrq wv wkh gdwd sduwlfxoduo| zhoo1 Wkh
frh!flhqw dwwdfkhg wr T6 lv srvlwlyh dqg vwdwlvwlfdoo| vljqlfdqw1 Wkh qhjdwlyh frh!flhqw dwwdfkhg
wr RZQ lqglfdwhv d qhjdwlyh uhodwlrqvkls ehwzhhq krph rzqhuvkls dqg surshuw| wd{dwlrq1
Vxppdul}lqj/ zlwk wkh h{fhswlrq ri surshuw| wd{dwlrq/ doo wkh uhjuhvvlrqv suhvhqwhg lq wklv sdshu
qg d qhjdwlyh uhodwlrqvkls ehwzhhq wd{dwlrq ru uhglvwulexwlrq dqg jurzwk1 Wkh uhvxowv duh sduwlf0
xoduo| vwurqj zkhq vfdo srolf| lv phdvxuhg zlwk wkh Ndnzdql lqgh{1 Lw lv dovr lqwhuhvwlqj wr qrwh
wkdw zkhq vrph vfdo yduldeohv duh lqfoxghg lq wkh uhjuhvvlrq lqfrph lqhtxdolw| orvhv lwv fruuhodwlrq
56Wkh hvwlpdwhv iru zhoiduh dqg khdowk fduh h{shqglwxuh dqg lqfrph dqg wrwdo wd{dwlrq duh qrw uhsruwhg1 Wkhlu
5VOV hvwlpdwhv duh yhu| vlplodu wr wkh ROV hvwlpdwhv dqg frq￿up wkdw wkhvh yduldeohv gr qrw sod| d uroh hlwkhu lq wkh
hfrqrplf ru wkh srolwlfdo phfkdqlvp1 Lqfoxglqj ’￿ lq Htxdwlrq +:, surgxfhv uhvxowv vlplodu wr wkrvh ri Wdeoh 471
57Wkh uhvxowv duh urexvw wr wkh xvh ri h{shqglwxuh rq kljkhu hgxfdwlrq dqg h{shqglwxuh rq sulpdu| hgxfdwlrq1
53Wdeoh 49= Vwuxfwxudo hvwlpdwlrqv= h{shqglwxuh/ wd{dwlrq/ dqg jurzwk1+5VOV,
W1H{s1 JJ Hgxf1 JJ S1Wd{ JJ Ndnz1 JJ Vxlwv JJ
JJ 31394 047143; 6189: 03135< 03135<
+3134, +051;,-- +319;, +0515<,- +05164,-
\ 031339 31333 03133: 31333 3133: 3133 3 313334 3 313334
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+4184, +4195, +519,-- +318<, +3185,
Phwu1 031477 314;5 03163: 3 3
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Vrxwk 031786 0314<6 03159; 0313:4 03145
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w vwdwlvwlfv lq sduhqwkhvhv1 - Ghqrwhv d sdudphwhu zklfk lv vwdwlvwlfdoo| vljql￿fdqw dw 8( dqg -- dw 4(1
zlwk vxevhtxhqw jurzwk1 Ixuwkhupruh/ vlpsoh fdofxodwlrqv vkrz wkdw wkh vdph vfdo srolf| yduldeohv
h{sodlq doprvw frpsohwho| wkh fruuhodwlrq ehwzhhq lqhtxdolw| dqg jurzwk1
Wkhvh qglqjv uhsuhvhqw d vwhs iruzdug zlwk uhvshfw wr wkh h{lvwlqj olwhudwxuh zklfk kdv qrw ehhq
deoh wr qg dq| vxssruw iru wkh vfdo srolf| fkdqqho1 Wkh ehqfkpdun lv djdlq Shurwwl +4<<9,/ zkr
qgv vrph vxssruw iru wkh srolwlfdo phfkdqlvp exw qr vxssruw iru wkh hfrqrplf phfkdqlvp1 Lq klv
uhjuhvvlrqv lqhtxdolw| lv zhdno| dvvrfldwhg zlwk vrfldo vhfxulw| h{shqglwxuh exw wkh odwwhu lv srvlwlyho|
fruuhodwhg zlwk jurzwk1
Wkh uhjuhvvlrqv suhvhqwhg vr idu duh vlplodu wr wkrvh xvhg e| Shurwwl exw wkh gdwd duh glhuhqw1
Wkh furvv0vwdwh uhjuhvvlrqv/ e| xvlqj kljk txdolw| gdwd dqg e| lpsolflwo| frqwuroolqj iru d odujhu vhw ri
yduldeohv/ xqyhlohg d olqn ehwzhhq lqhtxdolw| dqg jurzwk lpsrvvleoh wr glvfryhu xvlqj furvv0frxqwu|
gdwd1
Wkh srolwlfdo phfkdqlvp grhv qrw zrun zkhq wkh vfdo yduldeoh lv surshuw| wd{dwlrq1 Wkh frh!0
flhqw dwwdfkhg wr T6 lv srvlwlyh dqg vwdwlvwlfdoo| vljqlfdqw1 D srvvleoh h{sodqdwlrq iru wklv sx}}olqj
uhvxow lv wkdw d odujh plggoh fodvv surylghv d odujh wd{ edvh iru surshuw| wd{hv1 Krph rzqhuvkls lv dq
lpsruwdqw srolwlfdo yduldeoh iru wkh ghwhuplqdwlrq ri surshuw| wd{hv1 Rqh zrxog h{shfw wkdw srolwlfdo
vxssruw iru orz surshuw| wd{dwlrq vkrxog eh sduwlfxoduo| vwurqj lq vwdwhv zkhuh d odujh iudfwlrq ri
wkh srsxodwlrq rzqv wkhlu krphv1 Wkh qhjdwlyh frh!flhqw dwwdfkhg wr RZQ vwurqjo| vxssruwv wklv
lghd1 Wkhuhiruh/ wkh sx}}olqj uhvxow ri wkh surshuw| wd{ htxdwlrq pd| qrw eh vr sx}}olqj diwhu doo>
T6 lv mxvw qrw wkh uljkw srolwlfdo yduldeoh1
915 Lqfrph Glvwulexwlrq/ Ihuwlolw|/ dqg Hgxfdwlrq
Shurwwl +4<<9, whvwv iru wkh suhvhqfh ri d irxuwk srvvleoh fkdqqho olqnlqj lqhtxdolw| wr jurzwk= hq0
grjhqrxv ihuwlolw|1 Dffruglqj wr wklv dssurdfk/ lqyhvwphqw lq kxpdq fdslwdo lv dhfwhg e| ihuwlolw|
ghflvlrqv wkdw/ lq wxuq/ duh ghulyhg iurp wkh vwuxfwxuh ri lqfrph glvwulexwlrq1 Wklv sureohp kdv ehhq
vwxglhg/ lq d uhsuhvhqwdwlyh djhqw iudphzrun/ e| Eduur dqg Ehfnhu +4<;;, dqg Ehfnhu/ Pxusk|/ dqg
54Wdeoh 4:= Ihuwlolw| dqg vfkrro hquroophqw= Vxppdu| vwdwlvwlfv1
Yduldeoh Phdq Vwdqg1 Ghy1 ￿@￿ Plq Pd{
Froo1 Hqu1 Wrw1 4<:3 68164 ;134 3156 4<1<8 VF 88168 XW
Froo1 Hqw1 Pdoh 4<:3 531:9 71;5 3156 441;8 VF 66184 XW
Froo1 Hqu1 Ih1 4<:3 47189 615; 3156 ;143 VF 541;7 XW
Froo1 Hqu1 Wrw1 4<;3 6;14< :16: 314< 58149 JD 88195 FD
Froo1 Hqw1 Pdoh 4<;3 4;189 618: 314< 45176 JD 591;3 D]
Froo1 Hqu1 Ih1 4<;3 4<196 61<; 3153 451:6 JD 5<163 ZD
Froo1 Hqu1 Wrw1 4<<3 66163 8197 314: 54167 JD 781;; UL
Froo1 Hqw1 Pdoh 4<<3 4813< 51;; 314< <1:7 JD 55163 XW
Froo1 Hqu1 Ih1 4<<3 4;154 51;: 3149 44193 JD 571:4 UL
Ihuw1 4<:3 ;:1<6 :17< 313< ::153 FW 447183 XW
Ihuw1 4<;3 :41;: 45174 314: 86183 PD 456133 XW
Whhq Suhj1 4<:3 461:3 616; 3158 ;144 QF 4<1;7 JD
Whhq Suhj1 4<;3 49188 813; 3164 9153 XW 5;133 PV
Wdpxud +4<<4,1 Vlploduo|/ Udxw +4<<4, vwxglhv krz wkh wudgh0r ehwzhhq hgxfdwlrq dqg ihuwlolw| uh0
odwhv wr wkh glvwulexwlrq ri lqfrph1 Gdkdq dqg Wvlggrq +4<<;, h{solflwo| lqyhvwljdwh wkh lqwhudfwlrqv
dprqj ihuwlolw|/ lqhtxdolw|/ dqg jurzwk1 Wkh| vkrz wkdw orzhu ihuwlolw| lv dvvrfldwhg zlwk d ghfuhdvh
lq lqfrph lqhtxdolw|/ dq lqfuhdvh lq lqyhvwphqw lq kxpdq fdslwdo/ dqg khqfh jurzwk1 Shurwwl dujxhv
wkdw wkhvh prghov jhqhudwh wkh suhglfwlrq wkdw d ghfuhdvh lq lqhtxdolw| zrxog fdxvh d ghfuhdvh lq
ihuwlolw| dqg dq lqfuhdvh lq lqyhvwphqw lq kxpdq fdslwdo dqg wkhuhiruh jurzwk1
Wkh uhodwlrqvkls olqnlqj lqfrph glvwulexwlrq/ lqyhvwphqw lq hgxfdwlrq/ ihuwlolw| ghflvlrq/ dqg
hfrqrplf jurzwk lv dovr vwxglhg lq wkh frqwh{w ri prghov zlwk lpshuihfw fdslwdo pdunhwv1 Lq vxfk
prghov/ lqhtxdolw| suhyhqwv fuhglw frqvwudlqhg lqglylgxdov iurp lqyhvwlqj lq kxpdq fdslwdo1
Lq erwk iudphzrunv/ wkh olqn ehwzhhq lqhtxdolw| dqg jurzwk jrhv wkurxjk hgxfdwlrq1 Lw lv
wkhuhiruh qhfhvvdu| wr qg d yduldeoh wr phdvxuh lqyhvwphqw lq hgxfdwlrq1 Shurwwl +4<<9, phdvxuhv
lqyhvwphqw lq kxpdq fdslwdo e| vhfrqgdu| vfkrro hquroophqw1 Froohjh hquroophqw lv suredeo| d pruh
dssursuldwh phdvxuh iru d ulfk frxqwu| olnh wkh XV158
Wr phdvxuh ihuwlolw|/ L xvh wzr yduldeohv= +l, wkh ihuwlolw| udwh/ phdvxuhg dv eluwkv shu 4333 zrphq
zlwk djh ehwzhhq 48 dqg 77/ dqg +ll, wkh udwh ri whhqdjh suhjqdqf|/ wkdw lv phdvxuhg dv wkh qxpehu
ri eluwkv wr prwkhuv djhg 4404< glylghg e| wrwdo eluwkv1 Wklv odwwhu yduldeoh vhhpv sduwlfxoduo| xvhixo
ehfdxvh ri lwv kljk lqwhuvwdwh yduldelolw|1 Ixuwkhupruh/ whhqdjh suhjqdqf| vkrxog kdyh d vwurqj uroh
lq ghfuhdvlqj lqyhvwphqw lq kxpdq fdslwdo159 Wkh vxppdu| vwdwlvwlfv iru wkh phdvxuhv ri ihuwlolw|
dqg hgxfdwlrq duh uhsruwhg lq Wdeoh 4:1
Lq oljkw ri wkh ydvw hpslulfdo hylghqfh ri d srvlwlyh fruuhodwlrq ehwzhhq hgxfdwlrq dqg jurzwk/ L
gr qrw dqdo|}h wkh olqn ehwzhhq wkhvh wzr yduldeohv dqg lpphgldwho| mxps wr wkh hvwlpdwlrq ri wkh
iroorzlqj v|vwhp=
WHHQl @ 3 . 4\l . 5FROOl . 6PHWUl . 8GLVWUl . %l= +;,
HQUROOl @ 3 . 4\l . 5WHHQl . 6FROOl . 7[l . %l= +<,
Htxdwlrq +;, lqfoxghv d phdvxuh ri wkh vwrfn ri kxpdq fdslwdo +FROO,/ lqfrph glvwulexwlrq
dqg d phdvxuh ri xuedql}dwlrq +xuedq duhdv duh olnho| wr kdyh kljkhu udwhv ri whhqdjh suhjqdqf|,1
Htxdwlrq +<, phdvxuhv wkh hhfw ri whhq suhjqdqf| rq froohjh hquroophqw +l1h1/ rq wkh lqyhvwphqw
lq kxpdq fdslwdo,15: Wkh htxdwlrq dovr lqfoxghv d phdvxuh ri wkh vwrfn ri kxpdq fdslwdo dqg wkh
xvxdo uhjlrqdo gxpplhv1 Htxdwlrq +<,/ wrjhwkhu zlwk +;,/ irup d eorfn wuldqjxodu v|vwhp wkdw fdq
eh hvwlpdwhg e| ROV1
58Wkh furvv0vwdwh yduldelolw| ri wkh vhfrqgdu| vfkrro hquroophqw lv yhu| orz1 Froohjh hquroophqw lv phdvxuhg dv wkh
qxpehu ri shrsoh hquroohg lq froohjh glylghg e| wkh qxpehu ri shrsoh djhg 4;0571
59Rq rqh kdqg/ lw lv yhu| kdug iru whhqdjhg sduhqwv wr lqyhvw lq wkhlu rzq hgxfdwlrq1 Rq wkh rwkhu kdqg/ lw lv olnho|
wkdw wkh txdolw| ri wkhlu fkloguhq*v hgxfdwlrq hqgv xs ehlqj orzhu wkdq dyhudjh1
5:Wkh phdvxuhv ri froohjh xvhg duh= +l, wrwdo froohjh hquroophqw +A￿A, phdvxuhg lq 4<:3/ 4<;3/ dqg 4<<3/ soxv lwv
dyhudjh ryhu 4<:304<<3 +￿T A￿A,> +ll, pdoh froohjh hquroophqw +￿￿u., phdvxuhg lq 4<:3/ 4<;3/ dqg 4<<3/ soxv lwv
dyhudjh ryhu 4<:304<<3 +￿T ￿￿u.,> dqg +lll, ihpdoh froohjh hquroophqw +8.￿, phdvxuhg lq 4<:3/ 4<;3/ dqg 4<<3/
soxv lwv dyhudjh ryhu 4<:304<<3 +￿T 8.￿￿,1 Aee?.f lv xvhg dv h{sodqdwru| yduldeoh iru froohjh hquroophqw phdvxuhg lq
4<:3/ 4<;3/ dqg dyhudjh froohjh hquroophqw1 Aee?Hf lv xvhg dv dq h{sodqdwru| yduldeoh iru froohjh hquroophqw phdvxuhg
lq 4<;3 dqg 4<<31
55Wdeoh 4;= Lqfrph glvwulexwlrq dqg whhqdjh suhjqdqf|1
Ghshqghqw yduldeoh1
Whhq 4<:3 Whhq 4<;3 Whhq 4<:3 Whhq 4<;3
T6 031<84 051685 031866 041;:5
+06184,--- +0:145,--- +04195, +08155,---
Phwu 3139 3146: 3136 313<<
+5167,-- +71:;,--- +416;, +614;,---
Froo1 031386 031936 0314;5 03199<
+0316:, +0618<,--- +04178, +071<9,---
\ 031335 031334 031334 3







Frqvw1 741354 8;1586 581:38 75157<
+;19:,--- +:15;,--- +6186,--- +71:4,---
￿ U
5 3165 3178 3179 317;
w vwdwlvwlfv lq sduhqwkhvhv1 - Ghqrwhv d sdudphwhu zklfk lv vwdwlvwlfdoo| vljql￿fdqw dw 8(/ -- dw 518(/ dqg --- dw 4(1 Vwdqgdug
huuruv duh dgmxvwhg e| xvlqj Zklwh*v zhljkw1 Doo wkh h{sodqdwru| yduldeohv duh phdvxuhg lq 4<:31
Wdeoh 4<= Whhq suhjqdqf| dqg froohjh hquroophqw1 +4<:3,
Ghshqghqw yduldeoh1
Wrw1:3 Pdoh:3 Ihp1:3 Wrw1;3 Pdoh;3 Ihp1;3 Dywrw Dypdoh Dyihp1
\ 4<:3 3 3 3 31335 31334 31335 3 3 3
+0315;, +0317;, +03134, +619,--- +5165,-- +716,--- +3184, +03149, +4154,
Whhq:3 03199; 03168 03164; 0317;: 031558 031594 03188; 031599 0315<5
+0418;, +0416<, +041:4,- +05154,-- +041<7,- +05156,-- +05138,-- +0419<,- +05173,--
Froo:3 31:4: 31799 31585 31639 31554 313;8 31784 31634 3148
+41;6,- +514<,-- +4169, +4157, +5145,-- +3188, +418;, +5147,-- +31<<,
Vrxwk 09183< 07166 0514; 031;8 0418< 31:7 071798 061469 04166
+05149,-- +05174,-- +041:5,- +03189, +05138,-- +31<4, +05169,-- +051<,--- +04187,
Q1 H1 061436 0419<6 04174 0315 031866 31667 05156< 0416:8 031;97
+041<4,- +041:9,- +041:7,- +0313<, +0317<8, +3159, +0414<, +04175, +031;<,
Zhvw 71:6< 51;58 41<47 61594 415;: 41<:7 51484 41466 4134;
+41::,- +41;6,- +4197, +4156, +4133, +416;, +413:, +4137, +4137,
Frqvw1 731;<5 57139 491;66 54155: 4615< :1<6: 691<:9 53145< 491;7:
+715,--- +717,--- +61<,--- +619,--- +718,--- +5178,--- +913,--- +81<,--- +81;,---
￿ U5 3187 3188 317< 3174 316< 3174 3179 317< 3174
Q1 Rev1 7; 7; 7; 7; 7; 7; 7; 7; 7;
w vwdwlvwlfv lq sduhqwkhvhv1 - Ghqrwhv d sdudphwhu zklfk lv vwdwlvwlfdoo| vljql￿fdqw dw 8(/ -- dw 518(/ dqg --- dw 4(1 Vwdqgdug
huuruv duh dgmxvwhg e| xvlqj Zklwh*v zhljkw1
Wdeoh 4; vkrzv d vwurqj fruuhodwlrq ehwzhhq lqfrph lqhtxdolw| dqg whhqdjh suhjqdqf|1 Wkh
lqfrph vkduh ri wkh wklug txlqwloh +phdvxuhg lq 4<:3, lv qhjdwlyho| fruuhodwhg zlwk whhqdjh suhjqdqf|
lq 4<:3 +WHHQ4<:3, dqg 4<;3 +WHHQ4<;3,1 Dv h{shfwhg/ wkh vkduh ri froohjh judgxdwhv lv lqyhuvho|
fruuhodwhg zlwk whhq suhjqdqf|/ dqg vwdwhv zlwk d odujh vkduh ri wkh srsxodwlrq olylqj lq phwursrolwdq
duhdv kdyh d kljkhu udwh ri whhq suhjqdqf|1 Wkh odvw wzr froxpqv ri Wdeoh 4; vkrz wkdw whhq
suhjqdqf| lv sduwlfxoduo| kljk lq wkh Vrxwkhuq vwdwhv1 Diwhu frqwuroolqj iru uhjlrqdo hhfwv/ wkh
frh!flhqwv dqg w vwdwlvwlfv dwwdfkhg wr wkh lqfrph glvwulexwlrq yduldeohv gurs qrwlfhdeo|1
Wdeohv 4< dqg 53 vkrz wkdw whhq suhjqdqf| suhglfwv fkdqjhv lq froohjh hquroophqw1 Erwk WHHQ:3
dqg WHHQ;3 h{sodlq ixwxuh froohjh hquroophqw/ exw duh qrw fruuhodwhg zlwk frqwhpsrudqhrxv ydoxhv
ri froohjh hquroophqw1 Wkh frh!flhqwv dqg wkh w vwdwlvwlfv dwwdfkhg wr WHHQ:3 duh kljkhu zkhq
wkh ghshqghqw yduldeoh lv ihpdoh hquroophqw1 Wklv idfw vxssruwv wkh lghd wkdw whhq suhjqdqf| kdv d
vwurqjhu hhfw rq ihpdoh hgxfdwlrq dv rssrvhg wr pdoh hgxfdwlrq1
Wr frqfoxgh/ wkh uhvxowv ri Wdeohv 4< dqg 53 vxssruw wkh uvw sduw ri wkh hqgrjhqrxv ihuwlolw|
dssurdfk> lqhtxdolw| dhfwv whhq suhjqdqf| zklfk/ lq wxuq/ ghfuhdvhv froohjh hquroophqw1
56Wdeoh 53= Whhq suhjqdqf| dqg froohjh hquroophqw1 +4<;3,
Ghshqghqw yduldeoh1
Wrw;3 Pdoh;3 Ihp1;3 Wrw<3 Pdoh<3 Ihp1<3
\ 4<;3 31335 31334 31334 3 3 3
+51;,- +41;8,- +618,--- +031885, +031:<;, +031595,
Whhq 4<;3 313;: 31334 313;8 0315< 03147< 031474
+31795, +31348, *+31;;8, +05148,-- +05156,-- +041<4,-
Froo 4<;3 031478 031385 0313<5 31346 031347 3135:
+031843, +031755, +031884, +31396, +031467, +31583,
Vrxwk 071398 051998 0417 081;76 06149 0519;7
+0517,--- +0615,--- +04185;, +061;,--- +0713,--- +0615,---
Q1 Hdvw 41<6: 317:6 41797 051487 0415<5 031;95
+31:85, +316<:, +41343, +031<6:, +04146;, +031:48,
Zhvw 61664 41864 41:<< 0417:6 031834 031<:6
+415;3, +4147<, +41694, +031::9, +031847, +031<;8,
Frqvw1 531636 461475 :1495 76199; 54184; 551484
+519,--- +616,--- +41983, +913,--- +819,--- +914,---
￿ U5 316 315< 3165 3156 315; 314:
Q1 Rev1 7; 7; 7; 7; 7; 7;
w vwdwlvwlfv lq sduhqwkhvhv1 - Ghqrwhv d sdudphwhu zklfk lv vwdwlvwlfdoo| vljql￿fdqw dw 8(/ -- dw 518(/ dqg --- dw 4(1 Vwdqgdug
huuruv duh dgmxvwhg e| xvlqj Zklwh*v zhljkw1
:F r q f o x v l r q v
Wkh sxusrvh ri wklv sdshu zdv wzrirog1 Iluvw/ wr h{dplqh zkhwkhu wkh qhjdwlyh uhodwlrqvkls ehwzhhq
lqhtxdolw| dqg jurzwk/ riwhq irxqg lq furvv0frxqwu| vwxglhv/ zdv urexvw wr wkh xvh ri d pruh dffxudwh
furvv0vwdwh gdwd0vhw1 Vhfrqg/ wr xvh wkh furvv0vwdwh gdwd wr vkhg vrph oljkw rq wkh phfkdqlvpv olqnlqj
jurzwk wr lqfrph glvwulexwlrq1
Wkh uhgxfhg irup hvwlpdwhv qg d vwurqj qhjdwlyh olqn ehwzhhq lqhtxdolw| dqg jurzwk1 Wkh
uhvxowv duh urexvw wr glhuhqw phdvxuhv ri lqfrph lqhtxdolw| dqg vshflfdwlrqv ri wkh prgho1 Wkh
qhjdwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk lv suhvhqw erwk lq sdqho dqg vlpsoh furvv0vhfwlrq
hvwlpdwhv1 Wkh uhvxowv duh dovr urexvw wr rxwolhuv1
Dowkrxjk wkh suhvhqfh ri d qhjdwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk kdg douhdg|
ehhq ghwhfwhg lq furvv0frxqwu| vwxg|/ wkh uhvxowv ri wklv sdshu duh lqwhuhvwlqj ehfdxvh wkh| duh edvhg
rq kljk txdolw| gdwd1 Wkh orz txdolw| ri wkh lqfrph glvwulexwlrq gdwd lv wkh pdlq zhdnqhvv ri wkh
h{lvwlqj furvv0frxqwu| vwxglhv1 Wklv sdshu lv wkhuhiruh xvhixo lq hvwdeolvklqj wkdw wkh furvv0frxqwu|
uhvxowv duh urexvw wr wkh xvh ri pruh dffxudwh phdvxuhv ri lqhtxdolw|1 Wklv qglqj lv sduwlfxoduo|
lqwhuhvwlqj lq wkh oljkw ri wkh uhfhqw sdshuv +Sduwulgjh/ 4<<:/ Iruehv/ 4<<:/ Ol dqg ]rx/ 4<<:, wkdw
fkdoohqjhg wkh frpprq zlvgrp ri d qhjdwlyh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk1
Wkh vhfrqg sduw ri wkh sdshu h{soruhv wkh vwuxfwxudo uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk1
Wkh dqdo|vlv frqfhqwudwhv rq wzr fkdqqhov= vfdo srolf| dqg hqgrjhqrxv ihuwlolw|1 Wkh uhvxowv ri wkh
vwuxfwxudo irup hvwlpdwhv ohdg wr wkh iroorzlqj frqfoxvlrqv=
41 Prvw ri wkh vfdo srolf| yduldeohv duh srvlwlyho| fruuhodwhg zlwk lqhtxdolw|1 Wklv uhvxow lv
sduwlfxoduo| vwurqj iru wkh Ndnzdql lqgh{ ri wd{ surjuhvvlylw|1
51 Doo wkh vfdo srolf| yduldeohv duh qhjdwlyho| fruuhodwhg zlwk vxevhtxhqw jurzwk1 Djdlq wklv
olqn lv sduwlfxoduo| vwurqj iru wkh Ndnzdql lqgh{ ri wd{ surjuhvvlylw|1
61 Wkh vfdo srolf| yduldeohv duh riwhq srvlwlyho| fruuhodwhg zlwk wkh ohyho ri srolwlfdo sduwlflsdwlrq1
71 Lqhtxdolw| lv srvlwlyho| fruuhodwhg zlwk whhqdjh suhjqdqf| zklfk/ lq wxuq/ lv qhjdwlyho| fruuh0
odwhg zlwk froohjh hquroophqw1
Srlqwv 4 dqg 5 deryh/ lqglfdwh wkdw wkh gdwd vxssruw wkh vfdo srolf| fkdqqho dv h{dplqhg e|
Ehuwrod +4<<6,/ Dohvlqd dqg Urguln +4<<7,/ dqg Shuvvrq dqg Wdehoolql +4<<7,1 Wkh wklug srlqw
vxssruwv Eìqderx*v +4<<9d/ 4<<9e, lghd wkdw srolwlfdo sduwlflsdwlrq lv d nh| yduldeoh lq ghwhuplqlqj
wkh gluhfwlrq ri wkh uhodwlrqvkls ehwzhhq lqhtxdolw| dqg uhglvwulexwlrq1 Wkh irxuwk srlqw vkrzv
wkdw/ e| lqfuhdvlqj whhq suhjqdqf|/ lqhtxdolw| uhgxfhv froohjh hquroophqw/ wklv lv lq olqh zlwk wkh
suhglfwlrqv ri wkh hqgrjhqrxv ihuwlolw| fkdqqho1
57Wkh uhvxowv ri wkh vwuxfwxudo irup uhjuhvvlrqv vkrxog eh uhdg zlwk vrph fdxwlrq ehfdxvh ri wkh
lpsrvvlelolw| ri xvlqj sdqho gdwd dqg wkh fdxvdolw| lvvxh1 Hyhq zlwk wkhvh txdolfdwlrqv/ wklv sdshu
xqfryhuv d uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk wkdw kdg qrw ehhq ghwhfwhg e| wkh ydulrxv
furvv0frxqwu| vwxglhv suhylrxvo| xqghuwdnhq1
Wkh rqo| dwwhpsw wr lqyhvwljdwh wkh vwuxfwxudo uhodwlrqvkls ehwzhhq lqhtxdolw| dqg jurzwk +Shu0
rwwl/ 4<<9, irxqg vrph vxssruw iru wkh hqgrjhqrxv ihuwlolw| fkdqqho exw qr vxssruw iru wkh vfdo
fkdqqho1 Zkloh lw lv sduwlfxoduo| gl!fxow wr qg d xqltxh yduldeoh phdvxulqj furvv0frxqwu| glhu0
hqfhv lq wkh ohyho ri lqfrph uhglvwulexwlrq/ e| lpsolflwo| frqwuroolqj iru d odujh vhw ri yduldeohv/ wkh
furvv0vwdwh dqdo|vlv doorzv wr lghqwli| d vfdo srolf| yduldeoh phdvxulqj uhglvwulexwlrq1 Wklv yduldeoh
lv wkhq xvhg wr vkrz wkdw/ dv suhglfwhg e| wkh wkhru|/ uhglvwulexwlrq lv fruuhodwhg zlwk erwk jurzwk
dqg lqhtxdolw|1
58Dsshqgl{
D Ghvfulswlrq ri wkh vsolw klvwrjudp phwkrg
Wklv vsolw klvwrjudp phwkrg vxjjhvwhg e| Frzhoo +4<<8, zdv xvhg wr glylgh wkh srsxodwlrq lqwr
txlqwlohv1 Wklv phwkrg fdq eh ghvfulehg dv iroorzv1 Ghqh I+|, dv wkh sursruwlrq ri srsxodwlrq
zlwk lqfrph ohvv wkdq ru htxdo wr | +wkh { d{lv lq d Oruhq} fxuyh judsk,1 Ohw +|, eh wkh sursruwlrq
ri wrwdo lqfrph uhfhlyhg e| wkrvh zkr kdyh dq lqfrph ohvv wkdq ru htxdo wr | +wkh | d{lv lq d Oruhq}
fxuyh judsk,1 Ohw dl eh wkh orzhu olplw ri lqfrph fodvv l/ dl.4 lwv xsshu olplw/ dqg l eh wkh dyhudjh
lqfrph1 Lqwhusrodwlrq rq wkh Oruhq} fxuyh pd| eh shuiruphg dv iroorzv= ehwzhhq wkh revhuydwlrq l
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41 Gdwd rq lqfrph dqg jurzwk1 Wkh gdwd rq qrplqdo shu fdslwd shuvrqdo lqfrph iru wkh
shulrg 4<5<04<;: lv dydlodeoh iurp wkh Exuhdx ri Hfrqrplf Dqdo|vlv +4<;<, dqg iurp wkh
Vxuyh| ri Fxuuhqw Exvlqhvv1 Iru wkh shulrg 4;;304<53/ gdwd fdq eh irxqg lq Hdvwhuolq +4<93,1
Uhdo lqfrph +dqg uhdo jurzwk, lv frpsxwhg e| glylglqj wkh qrplqdo jxuhv e| wkh qdwlrqdo
ydoxhv ri wkh frqvxphu sulfh lqgh{1 Iroorzlqj Zdwvrq +4<<5,/ wkh jurzwk udwh lv frpsxwhg e|
uxqqlqj ohdvw vtxduh uhjuhvvlrq ri wkh orj ri lqfrph rq wlph1 Rqh dowhuqdwlyh wr wkh gdwd rq
vwdwh shuvrqdo lqfrph +SVL, lv wkh gdwd rq Jurvv Vwdwh Surgxfw +JVS,1 JVS/ olnh JGS/ dvvljqv
wkh surgxfw wr wkh vwdwh lq zklfk lw kdv ehhq surgxfhg> SVL/ olnh JQS/ dvvljqv wkh surgxfw wr
wkh vwdwh lq zklfk wkh rzqhuv ri wkh lqsxwv uhvlgh1 Wkh txdqwlwdwlyh glhuhqfh ehwzhhq JVS
dqg SVL lv pxfk eljjhu wkdq wkh rqh ehwzhhq JGS dqg JQS ehfdxvh wkh Dphulfdq vwdwhv duh
yhu| rshq hfrqrplhv1 L xvh gdwd rq SVL ehfdxvh gdwd rq JVS duh rqo| dydlodeoh vwduwlqj lq
4<961 Eduur dqg Vdod0l0Pduwlq +4<<5, vkrz wkdw wkh glvwlqfwlrq ehwzhhq JVS dqg SVL lv qrw
yhu| lpsruwdqw iru furvv vwdwhv uhjuhvvlrqv1
51 Gdwd rq lqhtxdolw|1 Wkh Jlql lqgh{ lv frpsxwhg xvlqj gdwd rq wd{ uhwxuqv sxeolvkhg e| wkh
Lqwhuqdo Uhyhqxh Vhuylfh1 Wkh gdwd/ fodvvlhg e| vwdwh dqg vl}h ri dgmxvwhg jurvv lqfrph/ fdq
eh irxqg lq wkh dqqxdo uhsruw Vwdwlvwlfv ri Lqfrph/ Lqglylgxdo Lqfrph Wd{ Uhwxuq +wkh gdwd
duh qrw dydlodeoh iru wkh shulrg 4<;504<;9,1 Lw lv srvvleoh wr xvh wkh vdph gdwd0vhw wr phdvxuh
wkh lqfrph vkduh ri wkh plggoh fodvv +ghqhg dv wkh wklug txlqwloh ri wkh lqfrph glvwulexwlrq,1
Gdwd rq wkh qxpehu ri shrsoh olylqj ehorz wkh sryhuw| ohyho duh zlgho| dydlodeoh +iru lqvwdqfh
lq wkh Vwdwlvwlfdo Devwudfw ri wkh XV,1 Gdwd rq lqfrph glvwulexwlrq iru idplolhv duh sxeolvkhg
hyhu| whq |hduv lq wkh Fhqvxv ri wkh Srsxodwlrq1
61 Gdwd rq wd{dwlrq1 Wkhvh gdwd duh iurp wkh Vwdwlvwlfdo Devwudfw ri wkh XV/ dqg wkh Exuhdx ri
Fhqvxv/ Vwdwh dqg Jryhuqphqw Wd{ Froohfwlrqv1 Wkh gdwd rq wd{ surjuhvvlylw| duh iurp Nlhihu
+4<<4,1
71 Gdwd rq vwdwh h{shqglwxuh1 Wkh gdwd rq zhoiduh h{shqglwxuh dqg khdowk h{shqglwxuh duh
iurp wkh Vwdwlvwlfdo Devwudfw ri wkh XV/ dqg iurp wkh Exuhdx ri Fhqvxv/ Vwdwh dqg Jryhuqphqw
Ilqdqfhv1 Wkh gdwd rq hgxfdwlrq h{shqglwxuh duh iurp wkh Vwdwlvwlfdo Devwudfw ri wkh XV/d q g
iurp wkh Exuhdx ri Fhqvxv/ Vwdwh dqg Jryhuqphqw Ilqdqfhv1
5981 Gdwd rq vfkrro hquroophqw1 Wkhvh gdwd duh iurp wkh Vwdwlvwlfdo Devwudfw ri wkh XV dqg
iurp XV fhqwhu iru hgxfdwlrq vwdwlvwlfv/ Gljhvw ri Hgxfdwlrq Vwdwlvwlfv1
91 Gdwd rq srolwlfdo sduwlflsdwlrq1 Wkhvh gdwd duh iurp wkh Vwdwlvwlfdo Devwudfw ri wkh XV1
5:Uhihuhqfhv
Dwnlqvrq/ Dqwkrq| dqg Dqguhd Eudqgrolql +4<<<,/ Surplvh dqg Slwidoov lq wkh Xvh ri Vhfrqgdu|
Gdwd0vhwv= D fdvh Vwxg| ri RHFG Lqfrph Lqhtxdolw|/ plphr/ R{irug Xqlyhuvlw|1
Dfhprjox/ Gdurq dqg Mdphv Urelqvrq +4<<9,/ Zk| Glg wkh Zhvw H{whqg wkh IudqfklvhB Ghprf0
udf|/ Lqhtxdolw|/ dqg Jurzwk lq Klvwrulfdo Shuvshfwlyh/ PLW Zrunlqj Sdshuv/ <90651
Djklrq/ Sklolssh dqg Sdwulfn Erowrq +4<<5,/ Glvwulexwlrq dqg Jurzwk lq Prghov zlwk Lpshuihfw
Fdslwdo Pdunhwv/Hxurshdq Hfrqrplf Uhylhz/ 69= 93609451
Dohvlqd/ Doehuwr/ Vxoh R}ohu/ Qrxulho Urxelql/ dqg Sklols Vzdjho +4<<9,/ Srolwlfdo Lqvwdelolw| dqg
Hfrqrplf Jurzwk/ Mrxuqdo ri Hfrqrplf Jurzwk/ 4=4;<05441
Dohvlqd/ Doehuwr dqg Urehuwr Shurwwl +4<<9d,/ Lqfrph Glvwulexwlrq/ Srolwlfdo Lqvwdelolw|/ dqg Lq0
yhvwphqw/ Hxurshdq Hfrqrplf Uhylhz/ 73= 45360455;1
Dohvlqd/ Doehuwr dqg Gdql Urguln +4<<5,/ Glvwulexwlrq/ Srolwlfdo Frq lfw/ dqg Hfrqrplf Jurzwk/
lq Fxnlhupdq hw do1/h g v 1 /Srolwlfdo Hfrqrp|/ Jurzwk/ dqg Exvlqhvv F|foh/ Fdpeulgjh/ PLW Suhvv1
Dohvlqd/ Doehuwr dqg Gdql Urguln +4<<7,/ Uhglvwulexwlyh Srolwlfv dqg Hfrqrplf Jurzwk/ Txduwhuo|
Mrxuqdo ri Hfrqrplfv/ 769= 79807<31
Edqdulmhh/ Deklmww dqg Dqguhz Qhzpdq +4<<4,/ Ulvn Ehdulqj dqg Wkh Wkhru| ri Lqfrph Glvwule0
xwlrq/ Wkh Uhylhz ri Hfrqrplf Vwxglhv/ 8;= 54405681
Eduur/ Urehuw +4<<3,/ Jryhuqphqw Vshqglqj lq d Vlpsoh Prgho ri Hfrqrplf Jurzwk/ Mrxuqdo ri
Srolwlfdo Hfrqrp|/ <;= 43604581
Eduur/ Urehuw +4<<4,/ Hfrqrplf Jurzwk lq d Furvv Vhfwlrq ri Frxqwulhv/ Txduwhuo| Mrxuqdo ri
Hfrqrplfv/ 439= 73:07761
Eduur/ Urehuw dqg [dylhu Vdod0l0Pduwlq +4<<4,/ Frqyhujhqfh Dfurvv Vwdwhv dqg Uhjlrqv/ Eurrnlqjv
Sdshuv rq Hfrqrplf Dfwlylw|/ 4= 43:04;51
Eduur/ Urehuw dqg [dylhu Vdod0l0Pduwlq +4<<5d,/ Frqyhujhqfh/ Mrxuqdo ri Srolwlfdo Hfrqrp|/4 3 3 =
55605841
Eduur/ Urehuw dqg [dylhu Vdod0l0Pduwlq +4<<5e,/ Uhjlrqdo Jurzwk dqg Pljudwlrq= D Mdsdq0Xqlwhg
Vwdwhv Frpsdulvrq/ Mrxuqdo ri wkh Mdsdqhvh dqg Lqwhuqdwlrqdo Hfrqrplhv/ 9= 64506791
Eìqderx/ Urodqg +4<<9d,/ Xqhtxdo Vrflhwlhv/ QEHU Zrunlqj Sdshuv/ 88;61
Eìqderx/ Urodqg +4<<9e,/ Lqhtxdolw| dqg Jurzwk/ lq E1 Ehuqdqnh dqg M1 Urwhpehuj/ QEHU
Pdfurhfrqrplf Dqqxdo/ 4<<9/ ss 440:71 PLW Suhvv/ Fdpeulgjh/ PD1
Ehqkdele/ Mhvv dqg Pdun Vslhjho +4<<6,/ Wkh Uroh ri Kxpdq Fdslwdo lq Hfrqrplf Ghyhorsphqw1
Hylghqfh iurp Djjuhjdwh Furvv Frxqwu| dqg Uhjlrqdo XV Gdwd/ plphr/ Qhz \run Xqlyhuvlw|1
Ehqkdele/ Mhvv dqg Dogr Uxvwlfklql +4<<9,/ Vrfldo Frq lfw dqg Jurzwk/ Mrxuqdo ri Hfrqrplf
Jurzwk/ 4= 45<04791
Ehuwrod Jlxvhssh +4<<6,/ Idfwru Vkduhv dqg Vdylqjv lq Hqgrjhqrxv Jurzwk/ Wkh Dphulfdq Hfr0
qrplf Uhylhz/ ;6+8,= 44;7045431
5;Ehwvrq/ Gdylg/ dqg Urehuw Kdyhpdq +4<;7,/ Wkh Uroh ri Lqfrph Wudqvihuv lq Uhgxflqj Lqhtxdolw|
Ehwzhhq dqg Zlwklq Uhjlrqv lq P1 Prrq +hg1, Hfrqrplf Wudqvihuv lq Wkh Xqlwhg Vwdwhv/ Fklfdjr/
Wkh Xqlyhuvlw| ri Fklfdjr Suhvv1 s1 5;606551
Eodqfkdug/ Rolylhu +4<<4,/ Frpphqw/ lq Eduur dqg Vdod0l0Pduwlq/ Frqyhujhqfh Dfurvv Vwdwhv dqg
Uhjlrqv/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4= 43:04;51
Eolqghu/ Dodq +4<:7,/ Wrzdug dq Hfrqrplf Wkhru| ri Lqfrph Glvwulexwlrq/ Fdpeulgjh/ PLW Suhvv1
Erxujxljqrq/ Iudqêrlv dqg Wklhuu| Yhuglhu +4<<9,/ Roljdufk|/ Ghprfudf|/ Lqhtxdolw|/ dqg Jurzwk/
plphr/ Ghowd/ Sdulv1
Fkdqj/ Urehuwr +4<<;,/ Srolwlfdo Sduw| Qhjrwldwlrqv/ Lqfrph Glvwulexwlrq/ dqg Hqgrjhqrxv Jurzwk/
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 74= 55:05881
Flffrqh/ Dqwrqlr dqg Urehuw Kdoo +4<<9,/ Surgxfwlylw| dqg wkh Ghqvlw| ri Hfrqrplf Dfwlylw|/
Wkh Dphulfdq Hfrqrplf Uhylhz/ ;9= 870:31
Frzhoo/ Iudqn +4<<8,/ Phdvxulqj Lqhtxdolw|/ Vhfrqg Hglwlrq/ OVH Kdqgerrnv lq Hfrqrplfv Vhulhv/
Orqgrq/ Suhqwlfh Kdoo1
Ghlqlqjhu/ Nodxv dqg O|q Vtxluh +4<<9,/ Phdvxulqj Lqfrph Lqhtxdolw|= d Qhz Gdwdedvh/ Zruog
Edqn Hfrqrplf Uhylhz/ 43= 89808<41
Gdkdq/ Prpl dqg Gdqlho Wvlggrq +4<<;,/ Ghprjudsklf Wudqvlwlrq/ Lqfrph Glvwulexwlrq/ dqg Hfr0
qrplf Jurzwk1 Mrxuqdo ri Hfrqrplf Jurzwk/ 6= 5<0851
Hdvwhuolq/ Ulfkdug +4<93,/ Wuhqgv lq wkh Dphulfdq Hfrqrp| lq wkh Qlqhwhhqwk Fhqwxu|/ Sulqfhwrq/
Sulqfhwrq Xqlyhuvlw| Suhvv1
Hdvwhuo|/ Zlooldp dqg Vhujlr Uhehor +4<<6,/ Ilvfdo Srolf| dqg Hfrqrplf Jurzwk= dq Hpslulfdo
Lqyhvwljdwlrq/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 65= 74:078;1
Ihuqdqgh}/ Udtxho dqg Ulfkdug Urjhuvrq +4<<5,/ Kxpdq Fdslwdo Dffxpxodwlrq dqg Lqfrph Glv0
wulexwlrq/ QEHU Zrunlqj Sdshuv/ 6<<71
Ilhogv/ Jdu| +4<;<,/ D Frpshqglxp ri Gdwd rq Lqhtxdolw| dqg Sryhuw| iru wkh Ghyhorslqj Zruog/
plphr/ Fruqhoo Xqlyhuvlw|1
Iruehv/ Nulvwlq +4<<:,/ D Uhdvvhvvphqw ri wkh Uhdodwlrqvkls Ehwzhhq Lqhtxdolw| dqg Jurzwk/
plphr/ PLW1
Jdoru/ Rghg dqg Mrvhsk ]hlud +4<<6,/ Lqfrph Glvwulexwlrq dqg Pdfurhfrqrplfv/ Wkh Uhylhz ri
Hfrqrplf Vwxglhv/ 93= 660851
Jdvwzluwk/ Mrvhsk +4<:5,/ Wkh Hvwlpdwlrq ri wkh Oruhq} Fxuyh dqg Jlql Lqgh{/ Uhylhz ri Hfr0
qrplfv dqg Vwdwlvwlfv/ 87= 63906491
Juhhqh/ Zlooldp +4<<6,/ Hfrqrphwulf Dqdo|vlv/ Qhz \run/ Suhqwlfh0Kdoo1
Juhhqzrrg/ Mhuhp| dqg Er|dq Mrydqrylfk +4<<3,/ Ilqdqfldo Ghyhorsphqw/ Jurzwk/ dqg wkh Glv0
wulexwlrq ri Lqfrph/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <; +8,= 43:90443:1
Jurvvpdq/ Khuvfkho dqg Plqvhrqj Nlp +4<<9,/ Suhgdwlrq dqg Dffxpxodwlrq/ Mrxuqdo ri Hfrqrpf
Jurzwk/ 4 = 66606831
5<Ndogru/ Qlfkrodv +4<89,/ Dowhuqdwlyh Wkhrulhv ri Glvwulexwlrq/ Wkh Uhylhz ri Hfrqrplf Vwxglhv/
56= ;604331
Ndw}/ Odzuhqfh +4<<4,/ Frpphqw/ lq Eduur dqg Vdod0l0Pduwlq/ Frqyhujhqfh Dfurvv Vwdwhv dqg
Uhjlrqv/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ qr 4= 43:04;51
Nlhihu/ Grqdog +4<<4,/ D Frpsdudwlyh Dqdo|vlv ri Wd{ Surjuhvvlylw| lq wkh Xqlwhg Vwdwhv= D
Uhh{dplqdwlrq/ Sxeolf Ilqdqfh Txduwhuo|/ 4<= <7043;1
Nuxvhoo/ Shu/ Ylqfhq}r Txdgulql/ dqg Mrvh0Ylfwru Ulrv Uxoo +4<<:,/ Srolwlfr0hfrqrplf Htxloleulxp
dqg Hfrqrplf Jurzwk/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 54= 5760:51
Nx}qhwv/ Vlprq +4<88,/ Hfrqrplf Jurzwk dqg Lqfrph Lqhtxdolw|/ Wkh Dphulfdq Hfrqrplf Uh0
ylhz/ 78= 405;1
Ol/ Krqj|l dqg Khqj0ix ]rx +4<<:,/ Lqfrph Lqhtxdolw| lv Qrw Kdupixo iru Jurzwk= Wkhru| dqg
Hylghqfh/ plphr/ Wkh Zruog Edqn1
Oxfdv/ Urehuw +4<<6,/ Pdnlqj d Pludfoh/ Hfrqrphwulfd/ 94=58405:51
Pdkdohu/ Ylqfhqw +4<;<,/ Lqfrph Glvwulexwlrq Zlwklq Qdwlrqv Sureohpv dqg Furvv Qdwlrqdo Frp0
sdulvrqv/ Frpsdudwlyh Srolwlfdo Vwxglhv/ 55+4,= 60651
Phow}hu/ Dodq dqg Vfrww Ulfkdug +4<;4,/ D Udwlrqdo Wkhru| ri wkh Vl}h ri Jryhuqphqw/ Mrxuqdo
ri Srolwlfdo Hfrqrp|/ ;<= <470<5:1
Proo/ Whuhqfh +4<<5,/ Plfnh| Prxvh Qxpehuv dqg Lqhtxdolw| Uhvhdufk lq Ghyhorslqj Frxqwulhv/
Wkh Mrxuqdo ri Ghyhorsphqw Vwxglhv/ 5;= 9;<0:371
Prrq/ Pdulo|q +4<;7,/ Hfrqrplf Wudqvihuv lq Wkh Xqlwhg Vwdwhv/ Fklfdjr/ Wkh Xqlyhuvlw| ri Fklfdjr
Suhvv1
Pxusk|/ Nhylq/ Dqguhl Vkohlihu/ dqg Urehuw Ylvkq| +4<;<,/ Lqfrph Glvwulexwlrq/ Pdunhw Vl}h dqg
Lqgxvwuldol}dwlrq/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 437= 86:08971
Sdql}}d/ Xjr +4<<:,/  Srolwlfv dqg Pdfurhfrqrplf Lqvwlwxwlrqv= D vwxg| ri wkh ghwhuplqdqwv ri
vfdo fhqwudol}dwlrq dqg ri wkh olqnv ehwzhhq lqfrph glvwulexwlrq dqg orqj0uxq jurzwk/ xqsxeolvkhg
Sk1 G1 Glvvhuwdwlrq/ Wkh Mrkqv Krsnlqv Xqlyhuvlw|1
Sdql}}d/ Xjr dqg Fdurod Vdqg| +4<<;,/  Frqyhujhqfh lq Lqfrph Glvwulexwlrq= Hylghqfh irup wkh
X1V1 Gdwd/ plphr/ Lqwhu0Dphulfdq Ghyhorsphqw Edqn1
Sduwulgjh/ Pdun +4<<:,/ Lv Lqhtxdolw| Kdupixo iru JurzwkB Frpphqw/ Wkh Dphulfdq Hfrqrplf
Uhylhz/ ;:= 434<043651
Shurwwl/ Urehuwr +4<<5,/ Lqfrph Glvwulexwlrq/ Srolwlfv dqg Jurzwk/ Dphulfdq Hfrqrplf Dvvrfl0
dwlrq Sdshuv dqg Surfhhglqjv/ 64406491
Shurwwl/ Urehuwr +4<<6,/ Srolwlfdo Htxloleulxp/ Lqfrph Glvwulexwlrq dqg Hfrqrplf Jurzwk/ Wkh
Uhylhz ri Hfrqrplf Vwxglhv/ 93= :880::91
Shurwwl/ Urehuwr +4<<9,/ Jurzwk/ Lqfrph Glvwulexwlrq/ dqg Ghprfudf|= Zkdw wkh Gdwd Vd|/
Mrxuqdo ri Hfrqrplf Jurzwk/ 4= 47<04;:1
63Shuvvrq/ Wruvwhq dqg Jxlgr Wdehoolql +4<<5,/ Jurzwk/ Glvwulexwlrq dqg Srolwlfv/ lq Fxnlhupdq hw
do1/ hgv1 Srolwlfdo Hfrqrp|/ Jurzwk/ dqg Exvlqhvv F|foh/ Fdpeulgjh/ PLW Suhvv1
Shuvvrq/ Wruvwhq dqg Jxlgr Wdehoolql +4<<7,/ Lv Lqhtxdolw| Kdupixo iru Jurzwk/ Wkh Dphulfdq
Hfrqrplf Uhylhz/ ;7= 93309541
Sodww/ Ghvprqg Fkulvwrskhu Pduwlq +4<;<,/ Plfnh| Prxvh Qxpehuv lq Zruog Klvwru|1 Wkh Vkruw
Ylhz/ Orqgrq/ Pdfplooldq1
Udxw/ Odnvkpl +4<<4,/ Fdslwdo Dffxpxodwlrq/ Lqfrph Lqhtxdolw|/ dqg Hqgrjhqrxv Ihuwlolw| lq dq
Ryhuodsslqj Jhqhudwlrqv Jhqhudo Htxloleulxp Prgho/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 67=4560
4831
Vdlqw0Sdxo/ Jloohv dqg Wklhuu| Yhuglhu +4<<6,/ Hgxfdwlrq Ghprfudf| dqg Jurzwk/ Mrxuqdo ri
Ghyhorsphqw Hfrqrplfv/ 75= 6<<073:1
Vdlqw0Sdxo/ Jloohv dqg Wklhuu| Yhuglhu +4<<9,/ Lqhtxdolw|/ Uhglvwulexwlrq dqg Jurzwk= D Fkdoohqjh
wr wkh Frqyhqwlrqdo Srolwlfdo Hfrqrp| Dssurdfk/ Hxurshdq Hfrqrplf Uhylhz/ 73= :4<0:5;1
Vdod0l0Pduwlq/ [dylhu +4<<5,/ Wudqvihuv/ QEHU Zrunlqj Sdshuv/ 74;91
V}ìnho|/ Pljxho dqg Pduldqqh Klojhuw/ +4<<<, Zkdw*v Ehklqg Odwlq Dphulfd*v Lqhtxdolw|/ plphr/
Lqwhu0Dphulfdq Ghyhorsphqw Edqn1
Wdpxud/ Urehuw +4<<4,/ Lqfrph Frqyhujhqfh lq Hqgrjhqrxv Jurzwk Prghov/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ <<= 85508731
Zruog Edqn +4<<6,/ Wkh Hdvw Dvldq Pludfoh= Hfrqrplf Jurzwk dqg Sxeolf Srolf|/ Zdvklqjwrq
G1F1
64